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As Nutrition Reviews makes the turn into 
its eighth year of useful life, it is a privilege 
to express appreciation and congratulations 
to the Editorial Staff. 

In this era of science, we have seen in 
our own generation tremendous progress in 
the science of nutrition. 

It is gratifying to the Nutrition Founda- 
tion to have played an important role in the 
development of wider knowledge in nutri- 
tion. What is most satisfying, however, is 
that the results of new discoveries have been 
put to early practical use. 

That the time lag between discovery and 
use has heen short has been due in no small 
part to the alert editorial attitude of the 
staff of Nutrition Reviews. 

The aim of the Editorial Staff of Nutrition 


Food is an eternal problem. Early man 
struggled to find food sufficient to sustain 
him. Modern man, living in an era of science, 
has the problem of acquiring greater 
knowledge of food and its effect upon his 
being, that he may live longer and better. 
From birth to death, food influences man’s 
destiny. Food has written much of the 
world’s history. The savagery of prehistoric 
man was prompted by hunger. Even in 
this modern day the pangs of hunger affect 
moral, political, and economic standards. 

When in the early days of the twentieth 
century, nutrition gained recognition, there 
was a tendency to seize upon it as a panacea. 
The result was a flood of unsound theories. 
Fads in foods and diets sprang up overnight 
to win great popularity and then to dis- 
appear just as quickly. 

In the midst of this confusion it was 
recognized that sound research was neces- 
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Reviews has been to bring knowledge of nu- 
trition into the hands of those who are best 
able to make practical use of such knowledge 
in improving the quality of life for the peo- 
ple. It is my belief that this purpose has been 
achieved. 

As this New Year arrives, it is but a short 
glance ahead to the turn of the century. 
None can foretell what the next half-century 
will bring, but we can be guided by the lamp 
of past experience. It is, therefore, my belief 
we will see greater advances than ever before 
in the science of nutrition, and Nutrition 
Reviews will provide even greater service in 
the vears ahead. 

GEORGE A. SLOAN, President 
The Nutrition Foundation, Inc 






sary—and research, fundamental and ap- 
plied, financed by great universities, by 
industry, and by government, flourished 
in the field of nutrition. 

Within the past generation, the science 
of nutrition has made sound and stable 
advances—greater progress than in all the 
preceding centuries. 

Discovery of the vitamins and their 
manifold relation to the health of the 
body came from biochemists working on 
problems of nutrition. 

The action of nutrients in the blood- 
stream and on the body tissues has been 
explored and much information gained 
bearing on human health. 

New knowledge has been acquired rela- 
tive to the requirements of man for many 
of the nutrients—vitamins and amino 
acids. 

Diseases such as diabetes and liver 






















injury have been controlled and prevented 
through utilization of nutrition. High 
blood pressure and hardening of the 
arteries, the greatest killers of present- 
day Americans, are diseases in which 
nutrition is somehow intimately 
cerned. 

Guarding the life of the mother and 
child, nutrition has played an important 
part in prenatal care. It has been utilized 
in preoperative and postsurgical care. It 
has been recognized as the prime factor 
in developing the health of children and 
in maintaining the health of the aged. 

Yet, much remains to be done in nutrition, 
in research for new knowledge, in teaching 
leaders who can carry forth the present 
knowledge of this science, and in service 
through communities, hospitals, and in- 
dustries. 

Nutrition is concerned with food, and 
the ingredients of food known as nutrients, 
and their relation to health and disease. 
It is appropriate to define nutrition as the 
science of food and its relation to health. 
Though present-day concepts of nutrition 
are largely the result of laboratory studies 
of this century, the importance of food in 
health goes back to the beginnings of life. 
About 400 B.C. Hippocrates, the ‘Father 
of Medicine,” wrote of the importance of 
food in health and included ‘‘proper diet’’ 
as one of the four cardinal principles in 
medical treatment. 

The basic importance of nutrition to all 
phases of biology is well recognized. Biology 
can be divided into studies dealing with 
structure and those dealing with function— 
and nutrition plays an important part in 
both. The growth and structure of an or- 
ganism depends in part on the nutrients 
available, and the function of an organism 
depends in part on the nutrition. To sum- 
marize the need and importance of nutrition 
in simple statements, one might say that 
good nutrition is necessary for: 

1. Growth and maintenance of the body. 


con- 
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2. Normal functioning of the body. 

3. Energy for warmth and activity. 

Nutrition can be thought of in terms of 
chemical units—the nutrients provided by 
food, such as protein, inorganic salts, and 
various vitamins, or in terms of food. 
Various diseases such as scurvy, rickets, 
beriberi, certain types of anemias, failure 
of the blood to clot following injury, night 
blindness, and certain types of liver disease 
can be cured and prevented by consuming 
certain foods. In these cases, and in many 
others, chemists were successful in separat- 
ing the food into chemical units which were 
effective in preventing a specific condition; 
a particular food was then of special value 
because it contained ascorbic acid, iron, 
choline, tryptophan, vitamin A, or some 
other nutrient. In many cases the identity 
of these essential nutrients has been de- 
termined. Foods have been assayed for 
their content of specific nutrients, the effect 
of processing and preserving on nutrient 
content has been studied, and foods can 
be given some specific evaluation in terms 
of their particular contribution to nutri- 
tion. 

The history of the science of nutrition is 
that of finding that food consists of more 
than one nutrient and that these nutrients 
have specific physiologic jobs to do. Hip- 
pocrates thought that food was important 
because it contained a single necessary sub- 
stance—a nutrient. This concept was still 
held in the early 1830’s by such eminent 
research men as Dr. William Beaumont, the 
great American physiologist of that time. 
But in about 1834 the English chemist 
Prout discovered that foods could be sepa- 
rated into three nutrients—carbohydrate, 
fat,” and protein—and hence food was 
thought of as furnishing three nutrients, 
not one single universal nutrient. About 
the time of the Civil War it was recognized 
that the ash or mineral matter of foods was 
an important part of the nutritive value of 
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foods, and that the ash contained a number 
of minerals. 

At the beginning of this century most of 
the interest in nutrition was in the energy 
values of food. However, some research 
men had pointed out that there must be 
substances in food other than the recognized 
nutrients of protein, fat, carbohydrate, and 
ash or minerals, for it had been noted that 
experimental animals would not grow or 
maintain themselves on diets made up 
solely of these components as compared with 
foods. This was the beginning of the dis- 
coveries that led to the vitamins which were 
referred to as ‘‘accessory growth factors” 
by Sir Frederick Gowland Hopkins of 
Cambridge in 1906 and as ‘‘vitamines” by 
Casimir Funk in 1912. 

Hence the entire evaluation of nutrition 
as a science is based upon multiplication of 
the numbers of essential nutrients that are 
contained in foods. From approximately 
1834, when the single universal nutrient in 
food was subdivided into three components 
(carbohydrate, protein, and fat), until 1949 
when the discovery of vitamin By was an- 
nounced, there have been some fifty to sixty 
essential nutrients isolated from food—and 
the end is not yet reached. 

Protein consists of some twenty different 
simpler nutrients known as amino acids. 
Of these, ten have been found to be nec- 
essary in the diet of the young rat for 
growth, and hence are referred to as the 
essential amino acids. In observations on 
man involving nitrogen balance studies, 
only eight of these essential ten were found 
necessary to maintain nitrogen equilibrium 
in young adults. Since growth in rats and 
the maintenance of nitrogen equilibrium in 
young adults may not involve all of the 
same physiologic processes, it is not possible 
to say that fewer amino acids are essential for 
man. When using the terms “essential’’ or 
“required” it is necessary to say “essential 
for what” or ‘“‘required for what.” 

Fat is the most potent source of energy 
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in food, furnishing a little over twice as many 
calories per unit weight than either car- 
bohydrate or protein, the only other sources 
of energy in food. Diets generally contain 
100 to 130 g. of fat furnishing about 1000 
calories, or roughly a third of the daily 
caloric intake. In experimental studies with 
the rat, three unsaturated fatty acids have 
been found to be essential for growth and 
well-being. There is no evidence that man 
requires these three fatty acids. Most likely 
they are required but in such small amounts 
that it is difficult to show the need for them. 
It is not yet known whether ill health in 
man results from a deficiency of them. 

Carbohydrate is the largest source of 
energy in average diets the world over, 
furnishing somewhere from 50 to 75 per cent 
of the total caloric intake. The main food 
sources of carbohydrate are sugar, flour, and 
rice. Carbohydrate is stored in plant prod- 
ucts as starch and in animal products as 
glycogen. Both starch and glycogen are 
broken down in the process of digestion 
to the simple sugar dextrose which the cells 
of the body utilize for energy. 

The ash or mineral matter of food consists 
of at least thirteen to fourteen essential 
minerals. Calcium, iron, and phosphorus 
are the ones most usually thought of in 
practical nutrition, but research of the last 
few years has focused attention on fluorine, 
sodium, and potassium. More recently 
another mineral has been added to the list 
of essential minerals with the discovery that 
cobalt is a constituent of the vitamin By 
molecule. 

Historically, vitamins are divided into 
two main chemical categories on the basis of 
general solubility in fat solvents or water. 
The fat-soluble vitamins are four in number, 
vitamins A, D, E, and K. Vitamins A and 
D are the only fat-soluble vitamins of known 
practical importance in the diet of normal 
man. Vitamin E has a number of interesting 
biochemical properties that make it of 
interest in biology, but its role in human 
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nutrition is not known. Ill health in man as 
a result of a deficiency of vitamin E is also 
not known. Vitamin K is one of the factors 
necessary for the clotting of blood. Normally 
man receives adequate amounts of vitamin 
Kx from synthesis by the bacteria that make 
up the flora of the lower intestinal tract, 
and hence is not dependent on food as a 
source of this vitamin. 

Water-soluble vitamins now number some 
twelve to fifteen nutrients, all of them usu- 
ally classified as members of the B-complex 
except ascorbic acid (vitamin C). The latter 
is the vitamin associated with citrus fruits, 
tomatoes, and raw cabbage. The use of the 
word ‘raw’ with cabbage emphasizes the 
ease with which the particular vitamin is 
destroyed by oxidation and heat. Some of 
the water-soluble vitamins are associated 
with the classic deficiency diseases: lack of 
ascorbic acid with scurvy, lack of thiamine 
with beriberi, lack of niacin with pellagra, 
and lack of vitamin By with pernicious 
anemia. 

The B-complex vitamins, historically as- 
sociated on the basis of water-soluble sub- 
stances obtained from yeast, liver, or rice 
husks, include thiamine, riboflavin, niacin, bi- 
otin, pyridoxine, pantothenic acid, and others 
including the latest to be added to the list 

vitamins By and By. Of particular interest 
is that the biologic function of most of the 
B-complex vitamins is reasonably well 
known. Most of them are concerned with 
specific chemical reactions in the _ inter- 
mediary metabolism of carbohydrate, fat, 
and protein. They are part of the enzyme 
systems necessary for the utilization of 
energy from foods. 

Water may also be thought of as an es- 
sential nutrient, yet food is not ordinarily 
thought of as a source of water. However, 
many fruits, and of course fluid foods such 
as milk, contribute appreciable amounts 
of water to the diet. If it were necessary to 
affix any “number 1 position” to nutrients, 
it would be to water, for it is possible to 
survive considerably longer without food 
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than without water. It is only necessary to 
point out that about three fourths of the 
total body mass is water to emphasize its 
importance. 

Thus the fifty some nutrients that have 
been found by a variety of experimental 
studies on different species to play a role 
in nutrition may be listed as follows: 

Protein—the following amino acids: al- 
anine, arginine, aspartic acid, beta-hydroxy- 
glutamic acid, cysteine, cystine, glutamic 
acid, glycine, histidine, hydroxyproline, 
isoleucine, leucine, lysine, methionine, nor- 
leucine, phenylalanine, proline, serine, threo- 
nine, tryptophan, tyrosine, valine. Out- 
standing food sources of protein: meat, fowl, 
fish, milk, eggs, peas, beans, and whole 
grain cereals. 

Fat—for energy and for the following 
fatty acids: arachidonic, linoleic, linolenic. 
Outstanding food sources of fat: butter, 
lard, fatty meats, cream, cheese, vegetable 
oils, margarine, and shortenings. 
for energy. Outstanding 
food sources of carbohydrate: sugar, wheat, 
corn, rice, and other grains. 

Minerals—calcium, chloride, cobalt, cop- 
per, fluorine, iodine, iron, magnesium, man- 
ganese, phosphorus, potassium, sodium, 
sulfur, zinc. Outstanding food sources of 
minerals: iodized table salt, protein foods, 
vegetables, fruits, and cereals. 

Vitamins—fat-soluble—vitamins A, D, 
E, K. Outstanding food sources: green and 
yellow vegetables, cream, butter, enriched 
margarine, tomatoes, egg yolk, organ meats 
such as liver—fish liver oils for vitamins 
A and D, “sunshine”’ for vitamin D, wheat 
germ and corn oil for vitamin I. Water-solu- 
ble— ascorbic acid and B-complex: thiamine 
riboflavin, niacin, biotin, choline, folic acid, 
inositol, pantothenic acid, para-aminoben- 
zoic acid, pyridoxine, vitamin By, vitamin 
B,,. Outstanding food sources: fruits, partic- 
ularly citrus and tomatoes for ascorbic acid, 
protein foods and vegetables for the B-com- 
plex vitamins. 

Water. 


Carbohydrate 
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While not all of the above-mentioned 
nutrients have so far been found necessary 
in normal human nutrition, the chances are 
good that future studies will show their 
need. Thus we may savy that food is neces- 
sary for good nutrition because it supplies 
the body with some fifty to sixty specific 
chemical substances—nutrients—and that 
all of the nutrients in food that are essential 
for human health are still not known. A clear 
understanding of the function and quantita- 
tive requirements for man are known for 
only a few of the nutrients. There is still 
much research to be done in the science of 
nutrition. 

The promise of a longer and happier 


NUTRITION REVIEWS 5 


“prime of life’’ for millions of Americans is 
the promise from better nutrition. Today in 
America where we have control and _ pre- 
vention over those diseases caused by im- 
proper sanitation, such as typhoid fever, and 
where we have such wonder drugs as peni- 
cillin and aureomycin to combat the ordinary 
infectious diseases such as pneumonia, 
nutrition stands as the single most important 
factor affecting our personal well-being and 
that of our families, neighbors, and friends. 

Freprick J. Stare, M.D. 

Harvard School of 

Public Health 
Boston, Mass. 


EXPERIMENTAL PRODUCTION OF MACROCYTIC ANEMIA 


A variety of mechanisms have been 
demonstrated to be responsible for the 
nutritional defect which is effective in 
producing macrocytic anemia (Nutrition 
Reviews 6, 193 (1948)). In man, macrocytic 
anemia has been observed in patients with 
strictures and anastomosis of the small intes- 
tine (W. H. Barker and L. E. Hummel, 
Bull. Johns Hopkins Hosp. 64, 215 (1939); 
D. G. Cameron, G. M. Watson, and L. J. 
Witts, Blood 7, 793 (1949)). The anemia as- 
sociated with these defects is wholly anal- 
ogous with pernicious anemia. Most of the 
reported cases have responded to treatment 
with liver extract. 

D. G. Cameron, G. M. Watson, and L. J. 
Witts (Blood 7, 803 (1949)) have attempted 
to induce macrocytic anemia in the rat by 
surgically producing intestinal defects. Evi- 
dence from the literature indicated that 
the characteristic hematologic defect did 
not occur following removal of the stomach 
and duodenum but was commonly produced 
in defects associated with stagnation of 
bowel contents. Therefore, operations were 
performed which would result in accumula- 
tion and retardation of intestinal flow. The 
animals used were adult rats maintained on 


diets previously demonstrated to permit 
normal growth and development and the 
maintenance of optimum blood counts. 

Various operative procedures and devices 
were utilized to produce partial obstruction 
of the intestine just above the cecum. In 
only a few animals was the _ intestinal 
stenosis produced associated with chronic 
obstruction and the development of macro- 
cytic anemia. 

Much more effective in inducing macro- 
cytic anemia was the _ experimental 
anastomosis of parts of the small intestine 
and the formation of a blind intestinal 
pouch. The hematologic defect occurred 
frequently in animals when a blind loop of 
intestine was so formed that normal peri- 
stalsis filled the blind loop rather than 
emptied it. It was found, also, that when the 
blind self-filling intestinal pouch was more 
than 8 em. long the animals did not sur- 
vive for more than a few weeks. In such an 
instance the macrocytic anemia resulting 
was very severe and did not respond to 
liver therapy. For these reasons a standard 
operative procedure was developed. The 
small intestine was transected in its middle 
third. The free end of the upper segment 
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was tied securely with a ligature. Then the 
free end of the lower segment was anasto- 
mosed to the upper segment at a point 7 
to 8 em. above the point of ligature. The 
blind pouch, thus formed, was self-filling. 
This resulted in dilatation of the segment 
and accumulation of intestinal contents 
within it. 

About 45 per cent of the animals subjected 
to this operation developed macrocytic 
anemia after an average interval of seventy- 
four postoperative days. The anemia pro- 
duced was progressive and almost invariably 
fatal when untreated. Red blood cells were 
characterized by macrocytosis, anisocytosis, 
polychromasia, poikilocytosis, and pune- 
tate basophilia. There was an increase in 
proportion of the earlier red blood cell 
precursors in the bone marrow. However, 
cells of the megaloblast type observed in 
human bone marrow in pernicious anemia 
were not seen. 

In another report D. G. Cameron, 
S. T. E. Callender, G. M. Watson, and 
L. J. Witts (Nature 164, 788 (1949)) describe 
the effects of treatment on experimental 
macrocytic anemia in the rat. Animals made 
anemic by the procedure described above 
were placed in one of four treatment groups. 
The first group was for control and received 
no treatment. A second group of rats was 
given 0.5 ml. of a crude liver extract intra- 
muscularly three times a week. The third 
group Was treated with pteroylglutamic acid, 
each animal receiving 7.5 mg. intramuscu- 
larly three times a week. The fourth group 
was given 20 micrograms of vitamin By» 
intramuscularly three times a week. There 
were 6 or 7 animals in each group. Ali were 
maintained on the standard diet and blood 
intervals. 
Animals were considered anemic when hemo- 


counts were done at weekly 
globin levels had fallen below 10 g. per 
100 ml. and blood smears showed the char- 
acteristic changes. Hematologic remission 


was considered to have occurred when an 


animal survived for more than four weeks 
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and when the hemoglobin concentration rose 
to levels above 11 g. per 100 ml. 

The effects of therapy were evaluated by 
determining the survival period and the 
occurrence of hematologic remissions in the 
four groups of animals. The data indicated 
that treatment with pteroylglutamic acid 
increased the survival time and was effec- 
tive in inducing remission. It could not be 
ascertained that either crude liver extract 
or vitamin By had any beneficial effect. 
The data are made difficult of more exact 
appraisal for several reasons. The number of 
animals in each group was small. Sponta- 
neous remissions apparently occurred in 
untreated rats. In addition a fair number of 
animals died early in the course of therapy 
other than anemia. For these 
reasons extension of these observations to 


of causes 


much larger groups of rats seems to be 
indicated. 

The work of these investigators has pro- 
vided important information relative to 
the role of intestinal defects in producing 
macrocytic anemia. It is demonstrated in 
the rat that the anemia most frequently ac- 
companies the formation of a blind loop 
of intestine which is filled by action of peri- 
stalsis. Presence of undigested stagnated ma- 
terial in the intestinal pouch seems to be a 
causal factor in the production of the hema- 
tologic defect. The observation that a period 
of several months usually intervenes before 
anemia appears might relate to a change in 
the bacterial flora of the loop or of the entire 
small intestine. It would be of great interest 
to determine the character of the flora in the 
blind loop of intestine as compared with 
that of intestine. Occurrence of 
macrocytic anemia might relate to the loss 
of an intestinal organism synthesizing ma- 
terials essential to hematopoiesis or to the 
presence of an organism producing an 
antagonist to essential substances. The 
intestinal loop may also provide a mecha- 
nism whereby the mode of action of liver 
extract, pteroylglutamic acid, and vitamin 
By in the etiology and treatment of the 


normal 
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macrocytic anemias may be further eluci- 
dated. 

It is wholly within the realm of possi- 
bility that some or all of these factors are 
involved in the production of macrocytic 
anemia in man. As such cases present them- 
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selves, the gastroenterologist should be 
prepared to evaluate the role of stagnation 
of contents and of changes in the intestinal 
flora associated with intestinal strictures 
which may be congenital, postoperative, or 
granulomatous in origin. 


DIET AND IRON ABSORPTION 


Although much investigative work has 
been directed at the problem of iron absorp- 
tion, many aspects remain uncertain. It is 
generally accepted that the normal adult 
animal absorbs only a small amount of 
iron from the diet except when the body 
stores are depleted. In this case, iron absorp- 
tion may increase many fold (Nutrition 
Reviews 3, 110 (1945)). It is obvious that 
there is some mechanism which regulates 
the absorption of this mineral, but its exact 
nature is still obscure (Ibid. 4, 291 (1946); 
5, 45 (1947)). Since the ability of the kidney 
to excrete iron is very limited, it is a physi- 
ologic necessity that iron absorption be 
limited or the body would become flooded 
with this substance. 

Excessive deposition of iron in the tissues 
does occur at times. This might be due 
either to excessive absorption or to redis- 
tribution of iron already in the tissues. The 
relative importance of these factors has not 
been clearly defined. 

T. D. Kinney, D. M. Hegsted, and C. A. 
Finch (J. Exp. Med. 90, 137 (1949)) have 
studied the problem of excessive iron ab- 
sorption. Adult male rats were fed either 
dog chow or a diet composed of 80 per cent 
corn grits and 20 per cent lard. The control 
groups received one of these diets alone 
while the experimental groups received the 
same diets with 2 per cent ferric citrate 
added. The influence of the supplemental 
iron on hemoglobin, serum iron, serum iron- 
binding protein capacity, liver weight, liver 
iron content, and body growth was studied. 
Complete pathologic examinations were 
performed. 





Rats receiving the dog chow grew well 
with or without added iron. They seemed 
to absorb very little of the supplemental 
iron since the various tests showed no 
significant differences between those which 
received extra iron and those which did 
not, except for a slight increase in the liver 
iron content in the iron-supplemented 
group. Rats on the corn grits-lard ration 
developed marked weight loss. Those on the 
diet without added iron showed blood find- 
ings in the same range as the rats on the dog 
chow diet but those which received this 
same diet with iron were strikingly different. 
The serum iron was very high, the serum 
iron-binding protein was almost completely 
saturated, the livers of these animals had 
four to six times as much total iron as those 
of any other animals in the experiment, and 
there was massive hemosiderin deposition 
in the tissues. The group on corn grits-lard 
without iron showed some hemosiderin dep- 
osition but this might have been due to the 
marked body weight loss with redistribution 
of the iron. 

The data seem to show beyond question 
that rats on the corn grits-lard ration ab- 
sorbed abnormal amounts of iron when 
excess iron was present in the diet in sharp 
contrast to the rats on the dog chow diet 
which absorbed little or none of the extra 
iron. 

In a second series of experiments these 
investigators (D. M. Hegsted, C. A. Finch, 
and T. D. Kinney, J. Exp. Med. 90, 147 
(1949)) attempted to define the reason for 
the marked increase in iron absorption. The 
corn grits-lard ration was deficient in several 
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respects. It contained only small amounts 
of several vitamins and minerals, the pro- 
tein was low, and the protein present was of 
poor quality. Addition of an adequate 
amount of the B-complex vitamins to this 


diet was completely ineffective. Added 
amounts of casein did reduce the abnormal 
iron absorption slightly but had little 


effect on the weight loss. A complete salt 
mixture almost completely inhibited the 
rapid iron absorption with little effect on 
body weight loss. A combination of “B 
vitamins,”’ casein, and adequate minerals 
produced body growth and a nearly normal 
liver iron content. 

These experiments made it evident that 
a mineral deficiency was the principal factor 
in the corn grits diet which was responsible 
for the abnormal iron metabolism. Further 
experiments showed that nearly all of the 
beneficial effect of the complete salt mixture 
was due to the phosphate salts it contained 
since phosphate salts alone largely pre- 
vented iron accumulation in the liver. 

Other experiments conducted to 
determine whether a corn grits diet was 


were 


essential to obtain excessive iron absorp- 
tion and deposition. Various low-phosphorus 
diets, both purified and with natural foods 
other than corn grits, were tried. These 
diets also permitted accumulation of liver 
iron although the degree of effectiveness 
varied. 

phosphate and _ fixed 
iron were used to determine the 


Various levels of 
levels of 
optimal phosphate-iron ratio. Approxi- 
mately 0.8 per cent phosphorus as phosphate 
was required to prevent liver iron accumula- 
tion when the diet contained 0.31 per cent 
iron as ferric citrate. Sodium phytate and 
much 
potent than potassium phosphate, calcium 
phosphate, and skim milk powder. Liver iron 
deposition was then studied at various levels 
of ferric citrate in both the dog chow and 
corn grits diets. Iron deposition occurred 
in either diet when sufficient iron was added. 
However, nearly five times as much iron was 


sodium pyrophosphate were less 
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required in the dog chow diet as in the corn 
grits diet to produce equal liver iron deposi- 
tion. The amounts of iron used, especially 
in the dog chow diet, were very large (as 
much as 12 per cent ferric citrate) and surely 
exceeded anything which might be en- 
countered in nature. The data do suggest 
however that excessive iron deposition will 
occur in any diet if the dietary iron is in- 
creased enough. 

Presumably the iron-phosphate ratio was 
the principal factor which accounted for 
the variation in iron absorption with the 
different diets, although this does not ex- 
plain all the observations. The limited but 
definite beneficial effect of not 
explained although it seems probable that 
the casein contained enough phosphorus to 
account for the effect observed. It does not 
explain how an animal can increase its iron 
absorption when the tissue stores are de- 
pleted, a change which occurs without any 
obvious change in diet. 

Other workers (G. J. Cox, M. L. Dodds, 
H. B. Wigman, and F. J. Murphy, J. Biol. 
Chem. 92, xi (1931); J. F. Brock and L. K. 
Diamond, J. Pediatrics 4, 442 (1934)) have 
reported a relation between iron and phos- 
phate in that high dietary iron interfered 
with phosphate absorption. H. G. Day and 
H. J. Stein (J. Nutrition 16, 525 (1938)) 
reported that excess phosphate interfered 


‘asein is 


with iron absorption while calcium prevented 
this effect presumably by combining with the 
phosphate. These workers introduced the 
possibility that iron and phosphate might 
combine to form an insoluble complex in the 
intestine. On the other hand, H. D. Ander- 
son, K. B. MeDonough, and C. A. Elvehjem 
(J. Lab. Clin. Med. 25, 464 (1940)) reported 
that- phosphate 
stimulated iron absorption. Hegsted et al. 


calcium impeded, while 
(loc. cit.) showed that caleium would not 
reduce iron absorption under the cireum- 
stances of their experiments but did not 
adequately explore the possibility that it 
might be concerned in increasing iron ab- 
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sorption, nor did they determine whether the 
calcium content of their diets bore any 
relation to the observed variations in iron 
absorption. It is evident that the regulation 
of iron absorption is not a simple phenome- 
non. The results obtained in individual ex- 
periments might well vary according to 
whether one was working in the range of 
excess minerals, the usual dietary range, or 
in the mineral deficiency range. 

The dietary calcium-iron-phosphate bal- 
ance undoubtedly is important although it 
is probably only one of a number of factors 
which may be concerned with the regulation 
of iron absorption and deposition. Its im- 
portance in human hemochromatosis is an 


AMINO ACIDS IN 


Since the classic early studies of W. C. 
Rose and co-workers, rats have been known 
to require the ten amino acids, valine, 
leucine, isoleucine, threonine, histidine, ly- 
sine, phenylalanine, tryptophan, methionine, 
and arginine for growth on purified diets. 
At the time these studies were made, many 
of the vitamins were unavailable in pure 
form, and were consequently supplied with 
a crude supplement which could be given 
only in limited amounts if supplementation 
with amino acids from this source was to be 
avoided. The growth rate obtainable on a 
ration prepared in this manner, and with an 
optimal amount of the amino acids listed 
present, was significantly less than that ob- 
tainable on natural rations. Since that time, 
advances in knowledge of vitamins and 
nutrition, and the availability of synthetic 
vitamins have permitted formulation of 
“synthetic” rations more adequate than 
those origiially used. 

Subsequent studies by Rose’s group 
(M. Womack and W.C. Rose, J. Biol. Chem. 
162, 735 (1946); 166, 429 (1946); 171, 
387 (1947); Rose, M. J. Oesterling, and Wo- 
mack, Jbid. 176, 753 (1948)) in which such 
improved rations were utilized have shown 





NUTRITION REVIEWS Q 


interesting subject for speculation. J. Gill- 
man, J. Mandelstam, and T. Gillman (South 
African J. Med. Sci. 10, 109 (1945)) and J. 
Gillman and T. Gillman (Arch. Path. 40, 
239 (1945); Nutrition Reviews 6, 4 (1948)) 
have reported the occurrence of massive 
accumulations of iron in the livers of pella- 
grins and other malnourished people in 
South Africa. The characteristic diet of 
many of these people is high in corn. The 
general pattern of the distribution of iron 
in the tissues of these patients is similar to 
that observed in the rats of Hegsted and 
associates. The possibility that these condi- 
tions may have a common etiology, at least 
in part, should be considered. 


RAT NUTRITION 


(a) that levels of certain of the amino acids 
(for example, phenylalanine) which were 
adequate for maximum growth under the 
original conditions were inadequate for the 
higher maximum growth rate which could 
be achieved on the new rations; (b) that 
certain of the essential amino acids were re- 
quired in higher amounts when a restricted 
mixture was fed than when some of the 
nonessential amino acids also were fed, for 
example, tyrosine, itself a dietary nones- 
sential, greatly spared the requirement 
for phenylalanine because in its absence 
part of the phenylalanine was utilized as a 
precursor from which tyrosine was synthe- 
sized; (c) certain amino acids, for example, 
glutamic acid, which were neither essential 
nor stimulatory at low rates of growth be- 
came stimulatory when added to rations 
which permitted higher rates of growth. 
Lastly it was observed that even complete 
mixtures of the nineteen amino acids, al- 
though they supported excellent growth, 
failed to support growth as rapid as could 
be obtained when an intact protein, such as 
casein, was fed. The latter observation was 
interpreted to infer the presence in intact 
proteins of growth stimulants (for example, 
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certain peptide configurations similar to or 
identical with the bacterial growth factor 
“strepogenin” Nutrition Reviews 5, 218 
(1947); 6, 223, 277 (1948)) which could be 
directly utilized by the growing rat and the 
action of which could not be duplicated by 





mixtures of amino acids. 

This subject has been further investigated 
by G. B. Ramasarma, L. M. Henderson, and 
C. A. Elvehjem (./. Nutrition 38, 177 (1949)). 
These authors employed weanling rats and 
a ration composed of corn oil, salts, vita- 
mins, and sucrose. The ration was completed 
by addition of casein, acid-hydrolyzed casein 
plus tryptophan, or any of a variety of amino 
mixtures. When the essential 
amino acids were fed in the ratios originally 
recommended by W. C. Rose (Physiol. Rev. 
18, 709 (1938)) but at the rather low level of 
5.6 per cent of the total ration, an average 
growth rate of 0.41 g. per rat per day was 


acid only 


achieved. This growth rate was increased to 
1.6 g. per rat per day by addition of 6 per 
cent of glutamic acid, and to 2.5 g. per day 
by simultaneous addition of both glutamic 
acid and additional phenylalanine. These 
findings strikingly illustrate the stimulatory 
effect of glutamic acid and of additional 
phenylalanine under these conditions, and 
confirm the previous findings of Rose and 
co-workers cited above. This growth rate 
was not further increased by increasing the 
level of the mixture of essential amino acids 
from 5.8 to 11.6 per cent of the ration. 
When 19 per cent of casein was fed in place 
of amino acids, a markedly higher growth 
rate, 4.61 + 0.15 g. per day, was observed. 
A number of experiments were therefore 
conducted to determine whether this rela- 
tively poor performance was due to lack of 
strepogenin. An acid hydrolysate of casein 
was prepared and found to be free of strep- 
ogenin when assayed with Lactobacillus casei 
(D. W. Woolley, J. Biol. Chem. 172, 71 
(1948)). When this hydrolysate was supple- 
mented with tryptophan and cystine and 
fed at a level of 20 per cent of the ration, the 
growth rate observed (4.25 + 0.13 g. per 
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day) was not significantly less than that ob- 
tained with intact casein. There was thus no 
evidence in support of the view that peptide 
configurations pre-existent within the protein 
were utilized directly by the rat, or that they 
were of any greater utility to this animal 
than an equivalent amount of free amino 
acids. It was apparent, however, that the 
mixed free amino acids of the casein hydroly- 
sate were much superior in growth-promot- 
ing power to the mixtures of the essential 
amino acids and glutamic acid previously fed. 

To determine the reason for this, further 
trials were conducted in which the ration 
contained 5.8 per cent of the mixture of 
essential amino acids and 15.8 per cent of 
glutamic acid, equivalent in nitrogen con- 
tent (2.5 per cent) to that given by 19 per 
cent of casein. Substitutions were then made 
isonitrogenously at the expense of glutamic 
acid. Separate trials showed that higher 
levels of the mixture of essential amino acids 
did not improve growth on this ration, nor 
was growth affected adversely by the high 
level of glutamic acid. An improvement in 
growth rate (from 2.7 to 3.4 g. per day) was, 
however, obtained by supplementation with 
either 5 per cent of casein or 6.12 per cent of 
an arbitrary mixture of nonessential amino 
acids. Further trials showed tyrosine to be 
the single nonessential amino acid which 
the effect, but the best 
growth (4.1 g. per day) was obtained when a 
mixture of several of the nonessential amino 
acids was present in the ration. 

Even when all of the amino acids were fed 
ad libitum, however, growth was frequently 
(though not always) less than when casein 
was fed. It was noticed that this was in part 
due to a decreased growth rate during the 
first week by those animals on amino acid 
rations, a lag apparently caused by unaccept- 
ability of the ration to the animals. By forced 
feeding of the amino acids at levels equal to 
the ad libitum intake of casein this difference 
was largely, though not always entirely, 
eliminated. 

In view of these results, it appears highly 
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probable that a properly constituted mixture 
of amino acids is the nutritional equivalent 
of casein in rats. It would not be surprising 
that at high growth rates amino acids con- 
sidered nonessential on the basis of studies 
conducted at lower growth rates would be- 
come limiting. Such effects have been fre- 
quently noted in the nutrition of lower 
organisms. 

K. H. Maddy and C. A. Elvehjem (./. Biol. 
Chem. 177, 577 (1949)) have also noted that 
a properly balanced mixture of sixteen amino 
acids is as effective as casein in supporting 
growth of the mouse, and could find no evi- 
dence of increased growth when such mix- 
tures were supplemented with proteins rich 
in strepogenin. If. Brand and D. K. Boss- 
hardt (Abstracts, Am. Chem. 114th 
Meeting, 38C (1948)) also found that a mix- 
ture of the L-amino acids prepared to simu- 
late the amino acid composition of beta- 
lactoglobulin gave as high a growth rate in 
mice as did intact beta-lactoglobulin, a pro- 
tein rich in strepogenin. All of these results 


Soc.., 


FREE FEEDING OF 


It is a widespread practice among obstetri- 
cians to restrict gain in weight during 
pregnancy to 25 pounds or less. This regimen 
is based on the argument that there is a 
lower incidence of abortion, toxemia, pre- 
maturity, stillbirths, neonatal deaths, and 
malformations when the weight gain is re- 
stricted. Considerable evidence to support 
this view has been presented in recent vears. 

A. G. King (Am. J. Obstet. Gynec. 58, 299 
(1949)) has presented the results of his study 
of this subject with conclusions which are 
not in entire accord with the above view. His 
subjects were 226 consecutive, unselected 
private patients. No restrictions were placed 
on the diet of any of these women other than 
a reduction of salt intake whenever edema 
was noted in the later months. Each re- 
ceived a multivitamin capsule daily through- 
out pregnancy and added calcium after the 
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indicate strongly that the lowered growth 
rates previously reported on mixtures of 
purified amino acids as contrasted to the 
higher growth rates with intact proteins re- 
sulted from imbalances in the amino acid 
rations fed, rather than from the presence in 
the proteins of any essential or stimulatory 
peptide such as strepogenin. The possibility 
remains, of course, that certain peptides may 
be utilized preformed without hydrolysis, 
and that such peptides might stimulate 
growth (as do certain amino acids) when 
added to unbalanced rations. 

A slight inferiority of “balanced” mix- 
tures of synthetic (pL) amino acids which 
was not remedied by feeding small amounts 
of intact proteins was observed by the above 
authors. They postulate that this may be 
due to the presence of the p-isomers of the 
amino acids. Experimental test of this postu- 
late will become possible as the L-isomers of 
the amino acids become commercially avail- 
able. 


PREGNANT WOMEN 


twenty-fourth week. Ferrous sulfate was 
given whenever the hemoglobin level fell 
below 12.5 g. The diets consumed were char- 
acterized as ‘adequate’ although no study 
of this was made. 

There was no case of toxemia of pregnancy 
other than a single mild chronic nephritis. 
Three infants were stillborn, the causes being 
abruptio placenta, asphyxia due to the um- 
bilical cord being tight around the infant’s 
neck, and a prolapsed cord in a large breech 
presentation. One neonatal death occurred 
due to erythroblastosis fetalis. There were 21 
other premature births all of whom survived. 
Two infants had clubfeet. In none of these in- 
stances was the abnormality correlated in 
any way with a significant weight gain de- 
viation from the average. 

The average total weight gain was 24.4 
pounds (standard deviation 8.7). From the 











12 NUTRITION REVIEWS 


data presented for 216 of these women, it is 
evident that 112 gained between 16 and 28 
pounds, 104 gained more than 24 pounds, 
while a few of these gained as much as 50 
pounds. The average net gain in weight three 
months postpartum was 2 pounds (standard 
deviation 6.3). 

An analysis was undertaken to determine 
whether there were any significant correla- 
tions between the total weight gained and 
other factors. A correlation coefficient of 0.5 
was found between total weight gained and 
the amount of weight retained after preg- 
nancy. This low but significant relation was 
found by statistical methods to indicate that 
about 25 per cent of the net postpartum gain 
was due to the total gain during pregnancy. 
The author quotes life insurance statistics 
showing that nonpregnant women between 
20 and 30 years of age will gain on the aver- 
age about 1 pound per year so that some 
weight gain after pregnancy might be ex- 
pected regardless of the dietary regimen 
used. 

The correlation coefficient between total 
gain in weight and the original weight was 
—0.121. This small negative correlation in- 
dicates that there was a slight tendency of 
the heavier women to gain less during preg- 
nancy than the lighter women, a fact noted 
previously by other investigators. Using this 
same technic, the author showed that heavier 
women tended to retain less weight post- 
partum than did lighter women. 

King devotes considerable space to an 
analysis of the reasons women gain excessive 
weight during pregnancy. Excessive weight 
gain due to abnormal fluid retention during 
toxemia of pregnancy is well known. Many 
women simply overeat. King lays special 
emphasis on the psychologic drives which 


make a pregnant woman overeat. While 
these psychologic elements undoubtedly 


exist and are probably important, they are 
difficult to document and assess quantita- 
tively. Eating may be an important outlet 
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for some of the psychologic hazards peculiar 
to pregnancy and to some women. The dam- 
age which might result from attempting to 
restrict the diet in these women is problem- 
atic. 

Obstetricians are frequently confronted 
with problems in the dietary management of 
their patients. Some women cannot follow a 
diet regardless of consequences. Others are 
thoroughly convinced from conversation 
with their friends and from articles in the 
lay press that they must follow a diet and 
restrict their weight to avoid serious compli- 
cations. Many will lose confidence in their 
physician unless he advises such a regimen. 
On the other hand, some obstetricians adhere 
so rigidly to the doctrine of weight restric- 
tion that the diet may become dangerously 
low in essential nutrients and other rather 
drastic measures may be used for the sole 
purpose of reducing weight gain. 

It is generally recognized that the preg- 
nant woman has unusual requirements for 
many nutrients. The protein intake is of 
considerable importance. It is often difficult 
to provide a diet adequate in these respects 
and which will at the same time permit 
weight restriction. There are many who will 
disagree completely with the “free feeding”’ 
regimen advocated by King (for example, 
W. J. Dieckmann, Nutrition Reviews 6, 129 
(1948)). Certainly his study would have been 
much stronger if he could have studied com- 
parable groups on “free feeding’? and on 
selected weight restriction. Nevertheless his 
study should serve a timely and useful pur- 
pose as a demonstration that nontoxemic 
unre- 
stricted diet and can gain weight excessively 


pregnant women can consume an 
without necessarily developing dangerous or 
undesirable complications. It might also 
provoke some thought among those who so 
rigidly follow any system of management 
that no allowance is made for the peculiari- 
ties of the individual concerned. 
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DIET AND LIVER CIRRHOSIS 


Cirrhosis of the liver occurring in chronic 
alcoholics has come to be regarded in part as 
a conditioned nutritional deficiency. The 
evidence for this concept has been derived 
from studies both in man and in experimen- 
tal animals. 

Cirrhosis can be produced in animals by 
providing a low-protein diet and can be pre- 
vented by the addition of protein and cer- 
tain other food factors to the deficient diet 
and, finally, may be cured by these food fac- 
tors if administered early enough. These re- 
sults in experimental animals have been 
applied to the treatment of liver disease in 
alcoholics, particularly by A. J. Patek and 
co-workers (J. Am. Med. Assn. 138, 543 
(1948); Nutrition Reviews 2, 234, 314, 340 
(1944); 6, 73 (1947)). 

In man, supplements of lipotropic sub- 
stances to the diet have been of question- 
able benefit, in part because control studies 
are so difficult to obtain in human liver dis- 
ease (Nutrition Reviews 6, 298 (1948)). 
Whether alcohol has a direct toxic effect 
upon the liver in addition to diminishing 
food intake and producing a state of condi- 
tioned malnutrition is still a matter of argu- 
ment and study. G. Klatskin and R. Yesner 
(J. Clin. Invest. 28, 723 (1949)) have carried 
out interesting studies with patients with 
Laénnec’s cirrhosis which have a bearing 
upon the dietary treatment and also upon 
the effect of alcohol withdrawal and bed rest 
upon subsequent improvement in these pa- 
tients. The results reported by these investi- 
gators are concerned with 14 individuals with 
advanced Laénnec’s cirrhosis (although one 
had only severe fatty infiltration of the liver 
without fibrosis). The study was designed 
to investigate the effects of choline and pro- 
tein in the treatment of this disease, but 
only the results from the control period were 
reported because marked improvement in 
clinical condition occurred during this pre- 
liminary period consisting of complete bed 
rest, alcohol withdrawal, and a basic diet. 


It was difficult to obtain accurate his- 
tories of previous alcoholism and of dietary 
intake. Nevertheless, all but one, or perhaps 
2, of the patients were probably chronic al- 
coholics and in at least 9 a history of an 
inadequate diet for considerable periods of 
time was obtained. 

Svidences of malnutrition were observed 
in 9 of the 14 patients. Unfortunately these 
are not described by the authors but were 
evaluated only by grading from zero to 4 
plus, although peripheral neuritis, glossitis, 
and cheilosis were observed in a few of the 
patients. Clearcut evidence of liver disease 
was present upon physical examination and, 
in addition, liver biopsies were performed at 
the beginning and end of the period of ob- 
servation. Liver function tests likewise re- 
vealed severe hepatic damage. 

Improvement in the clinical, laboratory, 
and histologic aspects of the disease was ob- 
served in most of the patients. The most 
striking improvement occurred in general 
symptoms and in fatty infiltration of the 
liver, 12 and 13 of the patients improving 
in these two aspects, respectively. In other 
variables improvement was not as marked. 
Thus 8 of the patients improved with regard 
to serum bilirubin concentration and brom- 
sulfalein retention. Ascites improved in 6, 
while in only 5 were edema and hepato- 
megaly found to be better at the end of the 
period of observation. In only one instance 
was improvement with regard to fibrosis in 
the liver biopsy observed, as might be ex- 
pected. 

The diet provided by Klatskin and Yesner 
for these patients was eaten well by all but 
2 of the patients and consisted of from 55 to 
85 g. of protein and from 29 to 60 calories 
per kilogram of body weight per day. It was 
composed of the usual food in an adequate 
diet. It has been generally recommended in 
the past that between 1.5 and 2.0 g. of pro- 
tein per kilogram of body weight per day be 
provided for patients with cirrhosis of the 
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liver. The diet provided by Klatskin and 
Yesner was certainly far below this and, in 
fact, was usually close to a gram per kilo- 
gram. 

Whether the improvement could be related 
to the regular consumption of the food con- 
tained in this basic diet is not clear, as the 
authors themselves admit. Nevertheless, one 
can say that in spite of not providing a diet 
rich in protein and high in calories, improve- 
ment did oecur. It is also possible that more 
rapid improvement might have been ob- 
served had the diet been one containing 
more protein, vitamins, and calories. Like- 
wise one cannot conclude that improvement 
would not have occurred had supplements of 
lipotropic been administered. 
Nevertheless, the fact that improvement did 


substances 


occur, both clinical and histologic, at vary- 
ing rates and at varying periods of time, in- 
dicates the necessity for a prolonged control 
period before evaluating any specific effect 
of the administration of dietary supplements. 
This matter was stressed in a previous review 
(Nutrition Reviews 6, 298 (1948)) 
of the complexities of the problem it might 


“In view 
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be suggested that investigators contemplat- 
ing further studies of the effect of lipotropic 
substances in liver disease either alternate 
treated and control cases, or select some 
other statistically valid method of study.” 
As the authors stress, two other factors 
may have played important roles in the im- 
provement observed, first, that of withdrawal 
of alcohol and, provision of 
absolute bed rest during the period of study. 
These are conditions different from those ob- 
taining before the study was begun, that 
is, before the patients were admitted to 
the hospital for liver disease. It was im- 
possible to evaluate critically these two fac- 
tors but certainly they should not be neg- 


secondly, 


lected in future studies of the treatment of 
liver disease. 

Finally, the authors emphasize that Laén- 
nec’s cirrhosis is usually accompanied by 
malnutrition, as well as liver disease itself, 
and that whether or not a nutritious diet has 
an effect upon the liver disease itself, one 
must still provide a well-balanced diet to 


treat the associated malnutrition. 


ISOLATION OF A TOXIC FACTOR FROM PROTEINS 
TREATED WITH NITROGEN TRICHLORIDE 


Bleaching of wheat flour with nitrogen tri- 
chloride, agene, has been demonstrated to 
produce a factor associated with wheat pro- 
teins which gives rise to toxic symptoms in 
dogs. ‘There was no evidence, however, of 
toxicity to human beings. The symptom 
complex has been designated as canine hys- 
teria or canine epilepsy (Nutrition Reviews 5, 
184 (1947); 6, 237 (1948)). Agene treatment 
of other proteins and amino acid mixtures 
has likewise been shown to result in mate- 
rials toxic to dogs. Though agene is no 
longer used in the bleaching of flour, studies 
of its effect on proteins continue to be of 
interest. 

Attempts have been made to isolate the 
toxic factor from nitrogen trichloride-treated 
H. R. Bentley and co-workers 


proteins. 


(Nature 163, 675 (1949)) report the isolation 
of a factor from agene-treated zein which is 
twenty-five hundred times as toxic per unit 
weight as the original treated zein. In tests of 
toxicity, rabbits were utilized. J. L. Radom- 
ski, G. Woodard, and A. J. Lehman (/. 
Nutrition 36, 15 (1948)) had shown that the 
rabbit, like the dog, was sensitive to the toxic 
factor. Five grams of nitrogen trichloride- 
treated zein were found to produce running 
fits and convulsions within forty-eight hours 
in a rabbit weighing 1 kg. The most con- 
centrated material achieved by these in- 
the effect in 
quantities of only 2 mg. 


vestigators produced same 

Concentration was accomplished by a 
series of procedures. Treated zein was sub- 
jected to acid hydrolysis. On dialysis of the 
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hydrolyzed material the toxic factor was 
found to pass into the dialysate. Active ma- 
terial remained in the aqueous phase on ex- 
traction with hot butanol but was extracted 
into cold phenol. The preparation was de- 
colorized with charcoal. A precipitate was 
formed by the addition of acetone to a final 
concentration of 95 per cent. The precipitate 
contained a toxic factor and was soluble in 
water. Electrodialysis of an aqueous solution 
of this material in a three-cell apparatus was 
shown to effect concentration in the middle 
chamber. Contents of this cell were applied 
to a resin-exchange column and eluted with 
dilute ammonia. Each step in the procedure 
effected increased concentration and the 
final product was found to be twenty-five 
hundred times as toxic as the original agen- 
ized zein. 

In a later report (H. R. Bentley and co- 
workers, Nature 164, 438 (1949)) isolation of 
the toxic factor in crystalline form is de- 
scribed. This has been achieved by applica- 
tion of the most toxic concentrate to chro- 
matographic columns and elution of active 
fractions. Finally, by precipitation from 
aqueous alcohol, a crystalline material is ob- 
tained which is toxic to rabbits in a 2 mg. 
dose. Crystals are needle-like in shape and 
melt sharply with decomposition at 232°C. 
Identical crystals have been obtained from 
two separate preparations of agenized zein. 
It has not been possible to isolate a corre- 
sponding material from zein which had not 
been treated with nitrogen trichloride. 

The crystalline toxic factor has an appre- 
ciable content of sulfur by qualitative test. 
It gives a single ninhydrin spot by paper 
chromatography developed in two directions 
in collidine and phenol. By this means it 
does not give a test characteristic of any of 
the amino acids. The ninhydrin reaction is 


positive but atypical. It is considered un- 
likely that the toxic factor is a peptide. 

Other workers (J. A. V. Butler and G. L. 
Mills, Nature 163, 835 (1949)) have been 
able by different procedures to produce a 
concentrate of the toxic substance from 
nitrogen trichloride-treated gluten. The ma- 
terial in quantities containing 20 mg. of ni- 
trogen produced toxic signs in ferrets. It 
would seem that this product had not 
achieved the same degree of concentration as 
reported by Bentley et al. (loc. cit.). Evidence 
is presented indicating that the toxic prin- 
ciple derived from agenized gluten is closely 
associated with glutamine on the paper 
chromatogram but does not give a ninhydrin 
reaction. 

Another possible lead to the nature of the 
chemical linkage involved in production of 
the toxic factor is found in a report by 
F. Misani and co-workers (Federation Pro- 
ceedings 8, 230 (1949)). These workers ob- 
served that sulfation of nitrogen trichloride- 
treated zein did not affect the toxic properties 
of the product. When zein was sulfated before 
treatment with agene, a nontoxic product 
was obtained. Sulfation seemed to have 
blocked the reactive group. The procedure 
might have affected esterification of hy- 
droxyl or sulfhydryl groups, sulfonation, or 
denaturation through dehydration. It is 
suggested that one or the other of these reac- 
tions occurred involving a chemical group 
essential to production of a toxic residue with 
agene. 

It is likely that there will soon be informa- 
tion establishing the chemical identity of the 
toxic factor in nitrogen trichloride-treated 
proteins. This should make possible def- 
inition of the mechanisms responsible in 
producing the characteristic toxic manifesta- 
tions. 


IRON AND COPPER ABSORPTION IN PYRIDOXINE DEFICIENCY 


Pyridoxine deficiency has been shown to 
result in a microcytic anemia in swine by 
G. E. Cartwright, M. M. Wintrobe, and 


S. Humphreys (Nutrition Reviews 3, 29 
(1945)). In an attempt to determine the 
mechanism through which the anemia was 
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produced, these investigators made measure- 
ments of the red blood cell count, hemo- 
globin level, hematocrit, reticulocyte count, 
icterus index, serum iron content, serum 
bilirubin value, and porphyrin and urobilin- 
ogen excretion. The experiment demon- 
strated that the anemia of pyridoxine 
deficiency was not due to increased blood 
destruction. 

Particularly striking were the observa- 
tions of a high serum iron level and an exten- 
sive hemosiderosis of the spleen and liver. 
Despite the elevated serum iron levels in 
pyridoxine deficiency, no evidence of an in- 
creased excretion of iron by the intestine 
or the kidneys could be demonstrated. In 
this connection, it was observed that in the 
presence of a low-iron intake, pyridoxine de- 
ficiency did not result in an increased serum 
iron nor in hemosiderosis. However, the con- 
comitant iron deficiency did not alter in any 
way the development of other pyridoxine- 
deficiency signs, such as neurologic manifes- 
tations and excretion of xanthurenic acid. 
These observations suggest that pyridoxine- 
deficient swine can absorb more iron than 
can be utilized in spite of the fact that the 
body stores were replete with iron. 

C.J. Gubler, G. E. Cartwright, and M. M. 
Wintrobe (J. Biol. Chem. 178, 989 (1942)) 
carried this problem further by determining 
the total amount of iron present in rats after 
various experimental regimens, including 
pyridoxine deficiency. This provided an 
opportunity to determine the rate of iron 
absorption in normal ad libitum controls, 
in pyridoxine-deficient animals, and in con- 
trols whose food intake was restricted to 
that of the pyridoxine-deficient animals. The 
diet consisted of crude casein, sugar, a hy- 
drogenated vegetable oil, lard, cod liver oil, 
and an iron-deficient salt mixture and was 
supplemented with the various members of 
the vitamin B-complex, except pyridoxine. 

The three groups received the equivalent 


of | mg. of iron every other day as a solution 
of ferric citrate. Iron administration did not 
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begin until the first signs of pyridoxine de- 
ficiency appeared, i.e., untidy fur, red whis- 
kers, and excretion of xanthurenic acid in 
the urine. The unrestricted controls received 
50 micrograms of pyridoxine hydrochloride 
per day administered in the iron solution. 
The restricted controls received vitamin B 
supplements in the form of powdered yeast 
at a level of 4 per cent in the diet. Hemoglo- 
bin determinations were made every two 
weeks with blood obtained by clipping the 
tail. Unlike the dog and the pig, there was 
no striking alteration in the hemoglobin level 
during the pyridoxine deficiency. Iron feed- 
ing was discontinued four days prior to 
killing to permit elimination of any unab- 
sorbed iron from the gut. After twelve weeks 
on this dietary regimen, the rats were killed 
by ether anesthesia. 

The carcasses were ashed in large porcelain 
100. to 
200°C. to prevent foaming and was finished 
by holding at 600° C. for twelve to eighteen 
hours. 


trays. The process was begun at 


was dissolved in concen- 
trated hydrochloric acid and iron determined 
on aliquots thereof by a combination of the 
color-development methods of G. Kitzes, 
C. A. Elvehjem, and H. A. Schuette (/. Biol. 
Chem. 155, 653 (1944)) and A. J. Woiwod 
(Biochem. J. 41, 39 (1947)). 

In a second experiment conducted for a 
period of eight weeks the same procedures 
were followed throughout for two groups, 
restricted controls and pyridoxine-deficient, 
except that determinations of the total body 
copper were made in addition to total iron. 
The method used for copper determination 
was the one suggested by 8. L. Tompsett 
(Biochem. 28, 2088 (1934)). 

In the first experiment, the level of iron 
per 100 g. of body weight in the pyridoxine- 
deficient rats was significantly higher than 
for the ad libitum and restricted controls. 
Likewise, in the second experiment, the 
level of iron was significantly higher in the 
deficient rats than in the controls. It is in- 
teresting to note that one rat had an iron 
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level of 26.1 mg. per 100 g. of body weight, 
whereas the average value for the other 10 
members of the group was 8.20 mg. This 
represents a difference of 8 standard devia- 
tions from the mean. Due to this large dif- 
ference, and to the fact that this animal was 
byJfar more deficient than the others, the 
data from that animal were considered 
separately. An observation of this extreme 
degree serves to make the over-all picture 
even more striking. 

In the second experiment, there was a 
significantly higher total copper and a signif- 
icantly higher copper per 100 g. of body 
weight among the pyridoxine-deficient rats 
compared with the restricted controls. 

The results of the above experiments in- 
dicate that absorption of iron and copper 
during pyridoxine deficiency in rats is in- 
creased or that the excretion of iron and 
copper is reduced. This relation is of particu- 
tar interest in iron metabolism. Numerous 
experiments have resulted in formulation of 
the ‘‘mucosal block” theory which proposes, 
in essence, that the intestinal mucosa has 
the property of accepting or rejecting iron in 
accordance with the requirements of the 
body for iron at any particular time (W. M. 
Balfour et al., J. Exp. Med. 76, 15 (1942); 
S. Granick, Ann. N. Y. Acad. Sci. 48, 657 
(1947)). Accumulation of iron stores in 
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pyridoxine-deficient rats appears to be a 
definite and highly significant exception to 
the above theory. Another exception has 
been observed in patients with untreated 
pernicious anemia, refractory anemia, and 
hemolytic anemia where absorption of radio- 
active iron continued even though iron stores 
were already high (R. Dubach, 8. T. E. Cal- 
lender, and C. V. Moore, Blood 3, 526 
(1948)). 

These examples suggest that the ‘‘mu- 
cosal block” theory must be considered in 
relative terms, and that the theory may 
only apply to the normal animal. The fact 
that exceptions to the above theory do exist 
may present convenient methods for an in- 
tensive study of the route through which 
iron is absorbed and how this absorption is 
regulated. 

The altered absorption or excretion of 
copper demonstrated in pyridoxine-deficient 
rats likewise cannot be explained on the basis 
of known facts. At present, unlike iron, there 
is no evidence that copper absorption is regu- 
lated by body need. In the case of copper 
again, these experimental findings suggest 
the need for further investigation of iron 
and copper metabolism, their interrelations, 
and individual and collective influences on 
erythropoiesis, both in normal and disturbed 
nutritional states. 


ABSENCE OF METHIONINE IN BENCE-JONES PROTEIN 


The disease, multiple myeloma, is associ- 
ated with cancerous growth and infiltration 
in bone marrow of cells of a character- 
istic type. Accompanying the disease is the 
excretion in the urine of relatively large 
quantities of a protein having physicochem- 
ical properties different from those of the 
proteins of blood plasma. This material has 
been called Bence-Jones protein. It is pre- 
cipitated at a temperature of 60°C. but 
again goes into solution when heated above 
80°C. 


C. E. Dent and G. A. Rose (Biochem. J. 
44, 610 (1949)) have determined the daily 
output and the amino acid content of Bence- 
Jones protein from a patient with multiple 
myeloma. During a period of sixty days of 
study the daily urinary output of the protein 
was relatively constant and averaged 36 g. 
per day. Increasing the dietary intake of pro- 
tein from 100 to 200 g. daily did not result in 
a significant increase in the amount of Bence- 
Jones protein excreted. When 50 g. of the 
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recovered protein were added to the diet of 
the patient there was no change in output. 

The constituents of the protein were in- 
vestigated by several different procedures. 
Precipitation at varying concentrations of 
sodium sulfate demonstrated two compo- 
nents. The major component pre- 
cipitated at lower concentrations of sodium 
sulfate, 38 to 43 per cent saturation, and 
accounted for nearly 90 per cent of the pro- 
tein nitrogen. Electrophoretic patterns in- 
dicated that the protein moved with the 
mobility of fibrinogen. 

Analysis of an acid hydrolysate of the 
protein by means of paper chromatograms 
demonstrated that it contained all of the 
common amino acids except tryptophan 
which was destroyed by hydrolysis, methio- 
nine, and hydroxyproline. Of greatest signif- 
icance was the inability to demonstrate 
methionine, an essential amino acid. Biologic 
assays in rats showed Bence-Jones protein to 


was 


be inadequate for growth and maintenance 
of weight. Addition of methionine to the 
diet containing the protein permitted weight 
gains comparable to those of rats fed casein 
as a sole source of protein. Microbiologie 
assay, also, gave evidence that methionine 
was not present or present in insignificant 
amounts. 

Each of the protein constituents of normal 
plasma contain methionine (EK. Brand, 
B. Kassell, and L. J. Saidel, J. Clin. Invest. 
23, 437 (1944)). Bence-Jones protein is unlike 
these in this respect, as are the proteins of 
insulin and tobacco mosaic virus. The data 
presented by Dent and Rose (loc. cit.) apply 
to Bence-Jones protein as derived from a 
single patient. However, J. Devine (Biochem. 
J. 36, (1941)) found the content of 
methionine low in Bence-Jones protein from 
a patient under his observation. If the ab- 


492 
490 


TREATMENT 


The unfavorable influence of obesity on 
longevity and on many disease processes is 
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sence of methionine can be confirmed in 
other pure samples of Bence-Jones protein, 
an important and perhaps useful chemical 
characteristic of the protein will have been 
established. 

Dent and Rose (loc. cit.) provide consider- 
ations which might relate this characteristic 
of Bence-Jones protein to the etiology of 
multiple myeloma. It is difficult to find anal- 
ogies in any other conditions which affect 
the human body that would indicate the 
formation of as much as 35 to 40 g. of a single 
protein per day. It is estimated that a man 
of average size under maximal stimulus of 
hypoproteinemia could synthesize no more 
than 40 g. of body protein per day. It would, 
therefore, appear improbable that Bence- 
Jones proteinuria represents the overproduc- 
tion of a protein normally synthesized, by 
action of excessive stimulation or of malig- 
nant growth. It would seem more likely that 
the protein is a foreign one. 

Proteins containing no methionine are 
found in certain of the viruses (J. P. 
Chandler, M. W. Gerrard, V. du Vigneaud, 
and W. M. Stanley, J. Biol. Chem. 171, 
823 (1947)). The concept is proffered that 
Bence-Jones protein combined with nucleic 
acid may be a virus and that multiple mye- 
loma is a virus disease comparable to fowl 
leukemia. 

These considerations are of great interest 
and are consistent with present knowledge 
relative to the chemistry of viruses. Observa- 
tions would have to be extended, however, 
before such a concept could be accepted as 
wholly reasonable. That such deductions 
may be offered speaks of the great advances 
made in recent years in the field of protein 
chemistry and of the importance of essential 
nutrients in pathologic as well as in normal 
function. 


OF OBESITY 


common knowledge. It has been established 
beyond reasonable doubt that practically 
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every case of obesity results from overeating 
(Nutrition Reviews 3, 189 (19445)). It follows 
that simple caloric restriction is the essence 


of all successful methods for weight reduc- 
tion. This fact is easier to state than to prac- 
tice. The infinite variety of reducing methods 
makes eloquent testimony on this point. 

Even after a diet has been designed to 
provide minimum nutritional needs and yet 
be sufficiently low in calories to insure the 
burning of body fat, there is the problem of 
inducing the patient to adhere to the recom- 
mended regimen. The psychologic, heredi- 
tary, hormonal, and other physiologic drives 
which lead an individual to overeat are often 
deep rooted and not easy to discover, or to 
change even if discovered. 

It is understandable that an intensive 
search has been made for agents which would 
sause, or at least aid in, weight reduction. 
Many have been suggested but few have 
succeeded. Thyroid preparations have been 
used in some cases. The introduction of am- 
phetamine was followed by a number of 
studies confirming its usefulness. This drug 
appeared to be unique since its principal ac- 
tion was to cause an involuntary reduction 
in food intake presumably by depression of 
the appetite and hunger mechanisms (S. C. 
Harris, A. C. Ivy, and L. M. Searle, 7. Am. 
Med. Assn. 134, 1468 (1947)). 

D. Adlersberg and M. E. Mayer (./. Clin. 
Endocrinology 9, 275 (1949)) have published 
the results of a five and a half vear study 
under controlled conditions in which the 
value of diet alone, diet plus thyroid, and 
diet plus amphetamine were compared in 
the treatment of obesity. Two hundred and 
ninety-nine patients were selected for study. 
Moderate uncomplicated hypertension was 
present in 25 per cent of the group; other 
forms of cardiovascular disease as well as 
diabetes were excluded. The patients were 
classified according to age, sex, and degree 
of obesity. 

A 1200 calorie, high-protein (at least 100 
g.) diet was used. Additional dietary details 
were not presented although this was pre- 
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sumably the same diet as used and described 
in detail in a previous publication (D. Adlers- 
berg, Am. J. Digest. Dis. 15, 109 (1948)) as 
a weight-reducing diet for the obese diabetic 
patient. This was a high-protein, low-fat ra- 
tion designed to produce maximum satiety 
with a minimum of calories and to provide 
adequate vitamins and minerals. Salt and 
water were not routinely controlled. Sup- 
plemental fat- and water-soluble vitamins 
were advised. 

Treatment in 132 patients consisted of diet 
alone. In 61 patients, a preliminary period 
of treatment with diet alone was followed by 
a second period during which the same diet 
was combined with oral thyroid medication, 
usually 2 to 3 grains of desiccated thyroid 
daily. In 90 patients, a preliminary period of 
diet alone was followed by a second period of 
diet combined with oral administration of 5 
to 10 mg. of amphetamine sulfate twice a 
day, one to two hours before lunch and be- 
fore dinner. 

Each of these methods was successful in 
producing weight loss although their rela- 
tive effectiveness varied. The patients on 
diet alone showed weight losses over a period 
of 5.5 to 11.7 months of 0.5 to 2.8 pounds 
per month, the response being rather pro- 
portional to the degree of obesity. The 
second group showed weight losses of 0.6 to 
2.5 pounds per month over average periods 
of 2.2 to 4.6 months while on diet alone. 
When thyroid medication was added over 
periods of 5 or 6 months no additional benefit 
was observed. Actually most of these pa- 
tients showed less weight loss while receiving 
thyroid than they had achieved from diet 
alone during their control period. The third 
group showed weight losses of 0.3 to 1.9 
pounds per month over periods of 1.2 to 5.2 
months while on diet alone. When ampheta- 
mine therapy was given for 3 to 11.7 months, 
weight reductions of 1.1 to 1.8 pounds per 
month were recorded. 

These results must be interpreted with 
several factors in mind. In general, the more 
obese the individual the more rapid the 


20 


The distribution of various cate- 
gories of patients according to the percentage 
of obesity was not exactly even in the vari- 
Age appeared to have some in- 
fluence since the younger patients tended to 
show better cooperation in following the 
diet. The patients in the group receiving 
amphetamine were somewhat younger than 
the other groups, due principally to the fact 
that patients with hypertension were not 
Also, best results were 
obtained in the first one or two months re- 
gardless of the type of therapy used. 
Despite these limitations, which the au- 
thors recognized fully, certain conclusions 
seem justified. Diet alone produced satis- 
factory, moderate weight reduction. Admin- 
istration of thyroid did not improve these 
results, whereas amphetamine did, but only 
to a very slight extent. The beneficial effect 
of amphetamine often faded on continued 
administration, 


weight loss. 


ous groups. 


given this therapy. 


necessitating increased dos- 
age. Side effects such as irritability, nervous 
tension, palpitation, headaches, insomnia, 
and constipation occasionally forced the use 
of smaller discontinuance of the 
drug. Other annoying side effects were also 
No serious reactions oc- 


ck ses or 


observed. toxic 


THYMIDINE AND VITAMIN 


The 
conditions thymine replaced 


observation that under appropriate 
folic acid in 
bacterial nutrition provided the impetus 
for testing this pyrimidine base for its ability 
to duplicate the action of folie acid in per- 


nicious anemia, nutritional macrocytic ane- 
mia, and sprue. Massive doses of the 


compound proved effective in producing 
remissions of the same general type as those 


given by folic acid (Nutrition Reviews 4, 
33 (1946); T. D. Spies and R. E. Stone, 
Ee neet I, 174 (1947)). More recently it has 


1 


been shown that thywidien. the desoxyribo- 
side of thymine (but not thymine), 
place vitamin By 


will re- 
as a growth factor for 
bacteria such as Lactobacillus lactis or Lacto- 
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curred. It is the opinion of these investigators 
that amphetamine should be issued only by 
nonrefillable prescription and that regular 
medical supervision is essential. In addition 
there is the very real question of the advisa- 
bility of using any sort of a drug which 
might become a crutch on which such pa- 
tients could develop psychologic dependence 
instead of being forced to recognize fully 
that the basic cause of their disorder is over- 
eating and that the only sure and permanent 
cure is dietary restriction. Unless this point 
is thoroughly established, any reducing 
scheme is apt to fail in bringing any lasting 
benefit to the patient. 

The study of Adlersberg and Mayer does 
not touch on a point of even greater interest 
than the immediate effects of a reducing 
regimen, the permanence of the weight 
reduction. What happens to the patient after 


1.€., 


he leaves the supervision of the physician is a 
generally neglected aspect of these studies. 

In view of these considerations, and of the 
very limited benefit of amphetamine, it 
seems difficult to justify the use of this drug 
except in occasional patients under careful 
medical control. 


B,, IN PERNICIOUS ANEMIA 


bacillus leichmannii (W. Shive, J. M. Ravel, 
and R. E. Eakin, J. Am. Chem. Soc. 70, 2614 
(1948); L. D. Wright, H. R. Skeggs, and 
J. W. Huff, J. Biol. Chem. 176, 475 (1948)). 
This action of thymidine is not specific, 
however, since other related desoxyribosides 
from animal nucleic acid show the same 
activity in promoting growth of a variety of 
bacteria as does thymidine (E. Kitay, W. S. 


McNutt, and E. E. Snell, Jbid. 177, 993 
(1949); E. Hoff-Jorgensen, Jbid. 178, 525 
(1949)). These results make clinical trials of 


thymidine (or of other desoxyribosides) of 
considerable interest. 

Results of such trials have now been re- 
ported by E. H. Reisner and R. West (Proc. 
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Soc. Exp. Biol. Med. 71, 651 (1949)). Three 
patients with classic Addisonian pernicious 
anemia in relapse were treated. The first pa- 
tient received a single injection of 5.3 mg. of 
thymidine. This was followed in four days 
by an increase of reticulocytes from 2.0 to 
5.0 per cent, but no significant rise in eryth- 
rocytes. Seven days after thymidine injec- 
tion, daily injections of 1 microgram of 
vitamin By: produced in thirteen days a 
reticulocyte rise to 10.3 per cent and an 
increase in erythrocytes from 2.43 to 4.25 
million. 

A second patient received 150 mg. of thy- 
midine in a single dose by injection. This 
was again followed by a rise in reticulocytes 
from 0.4 to 5.3 per cent on the fourth day, 
but no rise in the red count. Again subse- 
quent treatment with vitamin By» produced 
complete remission. 

In a third patient, injection of thymidine 
(5 mg. per day) with a suboptimal level of 
vitamin By (0.25 microgram per day) pro- 
duced a secondary reticulocyte rise over and 
above that observed in a preliminary con- 
trol period with suboptimal vitamin By 
alone, but only a questionable increase in 
red cell count. 

These results indicate that thymidine 
alone, in the amounts given, is incapable of 
sustaining blood regeneration, although it 


does cause a slight rise in reticulocytes. It 
has only a very slight, if any, enhancing 
effect on vitamin By activity. The result in 
man thus does not parallel that in microor- 
ganisms. Perhaps this result is not surprising, 
in view of the facts, cited above, that show 
desoxyribosides other than thymidine to 
be of equal importance to thymidine in pro- 
moting bacterial growth in the absence of 
vitamin By. A test of the antianemic prop- 
erties of a mixture containing each of the 
desoxyribosides of animal nucleic acid would 
be of interest in this connection. On the other 
hand, it is difficult to understand why thymi- 
dine should not be effective under conditions 
where one of its hydrolytic products, thy- 
mine, shows effectiveness. Truly massive 
doses of thymine (3 to 5 g. per day) were, 
however, required to show these effects 
(Nutrition Reviews, loc. cit.), and its effects 
may well have been produced indirectly. 
Possibly thymidine, too, would be effective 
in these quantities, although no greater 
effects were observed in the above study 
following injection of 150 mg. than were 
produced by 5.3 mg. Since thymidine is still 
a rare chemical, available only through te- 
dious isolation procedures from natural 
products, trial of such increased quantities 
of it may be considerably delayed. 


FOLIC ACID REQUIREMENT OF MINK AND FOX 


The evidence that mink and fox require 
folic acid and one or more new dietary essen- 
tials not identical with any of the known 
vitamins has been summarized in an earlier 
review (Nutrition Reviews 6, 344 (1948)). 
Briefly it was found that on a synthetic-type 
ration complete in the known vitamins, folic 
acid excepted, weight loss, anorexia, ane- 
mia, depigmentation, matting of fur, and 
in some cases paralysis resulted in both adult 
and young foxes. These symptoms appeared 
rapidly and the animals could be restored 
almost to normal by addition of folie acid 


to the ration. After a further period of sup- 
plementation, however, the syndrome re- 
appeared, and was not cured by additional 
folic acid, or by refined liver extracts. It was 
cured by administration of a methanol ex- 
tract of fresh liver, or by raw milk. The same 
supplements prevented development of the 
syndrome. 

Further studies of the interrelation of folic 
acid and the unidentified factor(s) supplied 
by the methanol extract of liver have now 
appeared (S. B. Tove, A. E. Schaefer, and 
C. A. Elvehjem, J. Nutrition 38, 469 (1949)). 
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weight loss. The distribution of various cate- 
gories of patients according to the percentage 
of obesity was not exactly even in the vari- 
ous groups. Age appeared to have some in- 
fluence since the younger patients tended to 
show better cooperation in following the 
diet. The patients in the group receiving 
amphetamine were somewhat younger than 
the other groups, due principally to the fact 
that patients with hypertension were not 
given this therapy. Also, best results were 
obtained in the first one or two months re- 
gardless of the type of therapy used. 
Despite these limitations, which the au- 
thors recognized fully, certain conclusions 
seem justified. Diet alone produced satis- 
factory, moderate weight reduction. Admin- 
istration of thyroid did not improve these 
results, whereas amphetamine did, but only 
to a very slight extent. The beneficial effect 
of amphetamine often faded on continued 
administration, necessitating increased dos- 
age. Side effects such as irritability, nervous 
tension, palpitation, headaches, insomnia, 
and constipation occasionally forced the use 
of smaller doses or discontinuance of the 
drug. Other annoying side effects were also 
observed. No serious toxic reactions oc- 


THYMIDINE AND VITAMIN 


The observation that under appropriate 
conditions thymine replaced folic acid in 
bacterial nutrition provided the impetus 
for testing this pyrimidine base for its ability 
to duplicate the action of folic acid in per- 
nicious anemia, nutritional macrocytic ane- 
and sprue. Massive doses of the 
compound proved effective in producing 
remissions of the same general type as those 
given by folic acid (Nutrition Reviews 4, 
3338 (1946); T. D. Spies and R. E. Stone, 
Lancet I, 174 (1947)). More recently it has 
been shown that thymidine, the desoxyribo- 
side of thymine (but not thymine), will re- 
place vitamin By as a growth factor for 
bacteria such as Lactobacillus lactis or Lacto- 
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curred. It is the opinion of these investigators 
that amphetamine should be issued only by 
nonrefillable prescription and that regular 
medical supervision is essential. In addition 
there is the very real question of the advisa- 
bility of using any sort of a drug which 
might become a crutch on which such pa- 
tients could develop psychologic dependence 
instead of being forced to recognize fully 
that the basic cause of their disorder is over- 
eating and that the only sure and permanent 
cure is dietary restriction. Unless this point 
is thoroughly established, any reducing 
scheme is apt to fail in bringing any lasting 
benefit to the patient. 

The study of Adlersberg and Mayer does 
not touch on a point of even greater interest 
than the immediate effects of a reducing 
regimen, i.e., the permanence of the weight 
reduction. What happens to the patient after 
he leaves the supervision of the physician is a 
generally neglected aspect of these studies. 

In view of these considerations, and of the 
very limited benefit of amphetamine, it 
seems difficult to justify the use of this drug 
except in occasional patients under careful 
medical control. 


B,, IN PERNICIOUS ANEMIA 


bacillus leichmannii (W. Shive, J. M. Ravel, 
and R. E. Eakin, J. Am. Chem. Soc. 70, 2614 
(1948); L. D. Wright, H. R. Skeggs, and 
J. W. Huff, J. Biol. Chem. 176, 475 (1948)). 
This action of thymidine is not specific, 
however, since other related desoxyribosides 
from animal nucleic acid show the same 
activity in promoting growth of a variety of 
bacteria as does thymidine (I. Kitay, W. S. 
McNutt, and E. E. Snell, Jbid. 177, 993 
(1949); E. Hoff-Jorgensen, bid. 178, 4525 
(1949)). These results make clinical trials of 
thymidine (or of other desoxyribosides) of 
considerable interest. 

Results of such trials have now been re- 
ported by E. H. Reisner and R. West (Proc. 
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Soc. Exp. Biol. Med. 71, 651 (1949)). Three 
patients with classic Addisonian pernicious 
anemia in relapse were treated. The first pa- 
tient received a single injection of 5.3 mg. of 
thymidine. This was followed in four days 
by an increase of reticulocytes from 2.0 to 
5.0 per cent, but no significant rise in eryth- 
rocytes. Seven days after thymidine injec- 
tion, daily injections of 1 microgram of 
vitamin By, produced in thirteen days a 
reticulocyte rise to 10.3 per cent and an 
increase in erythrocytes from 2.43 to 4.25 
million. 

A second patient received 150 mg. of thy- 
midine in a single dose by injection. This 
was again followed by a rise in reticulocytes 
from 0.4 to 5.3 per cent on the fourth day, 
but no rise in the red count. Again subse- 
quent treatment with vitamin By produced 
complete remission. 

In a third patient, injection of thymidine 
(5 mg. per day) with a suboptimal level of 
vitamin By (0.25 microgram per day) pro- 
duced a secondary reticulocyte rise over and 
above that observed in a preliminary con- 
trol period with suboptimal vitamin By 
alone, but only a questionable increase in 
red cell count. 

These results indicate that thymidine 
alone, in the amounts given, is incapable of 
sustaining blood regeneration, although it 


does cause a slight rise in reticulocytes. It 
has only a very slight, if any, enhancing 
effect on vitamin By activity. The result in 
man thus does not parallel that in microor- 
ganisms. Perhaps this result is not surprising, 
in view of the facts, cited above, that show 
desoxyribosides other than thymidine to 
be of equal importance to thymidine in pro- 
moting bacterial growth in the absence of 
vitamin By. A test of the antianemic prop- 
erties of a mixture containing each of the 
desoxyribosides of animal nucleic acid would 
be of interest in this connection. On the other 
hand, it is difficult to understand why thymi- 
dine should not be effective under conditions 
where one of its hydrolytic products, thy- 
mine, shows effectiveness. Truly massive 
doses of thymine (3 to 5 g. per day) were, 
however, required to show these effects 
(Nutrition Reviews, loc. cit.), and its effects 
may well have been produced indirectly. 
Possibly thymidine, too, would be effective 
in these quantities, although no greater 
effects were observed in the above study 
following injection of 150 mg. than were 
produced by 5.3 mg. Since thymidine is stilh 
a rare chemical, available only through te- 
dious isolation procedures from natural 
products, trial of such increased quantities 
of it may be considerably delayed. 


FOLIC ACID REQUIREMENT OF MINK AND FOX 


The evidence that mink and fox require 
folic acid and one or more new dietary essen- 
tials not identical with any of the known 
vitamins has been summarized in an earlier 
review (Nutrition Reviews 6, 344 (1948)). 
Briefly it was found that on a synthetic-type 
ration complete in the known vitamins, folic 
acid excepted, weight loss, anorexia, ane- 
mia, depigmentation, matting of fur, and 
in some cases paralysis resulted in both adult 
and young foxes. These symptoms appeared 
rapidly and the animals could be restored 
almost to normal by addition of folic acid 


to the ration. After a further period of sup- 
plementation, however, the syndrome re- 
appeared, and was not cured by additional 
folic acid, or by refined liver extracts. It was 
cured by administration of a methanol ex- 
tract of fresh liver, or by raw milk. The same 
supplements prevented development of the 
syndrome. 

Further studies of the interrelation of folic 
acid and the unidentified factor(s) supplied 
by the methanol extract of liver have now 
appeared (S. B. Tove, A. E. Schaefer, and 
C. A. Elvehjem, J. Nutrition 38, 469 (1949)). 
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Fox pups were placed on the deficient ration, 
and after thirteen weeks showed the typical 
loss in weight and anemia characteristic of 
the deficiency. Injection of 3 ml. of a potent 
refined liver preparation (15 U. 8. P. units 
per milliliter) every third day produced no 
response in weight or hemoglobin. In such 
animals, supplementation of the ration with 
0.1 mg. of folic acid per 100 g. resulted in 
prompt resumption of growth and regenera- 
tion of hemoglobin, which continued over 
the test period of three months. Crystalline 
preparations of the folic acid conjugates, 
pteroylheptaglutamic acid and _ pteroyltri- 
glutamic acid failed to give any similar re- 
sponse even when injected, a finding which 
shows that these conjugates cannot be util- 
ized by the fox. The inactivity of folic acid 
conjugates had been previously indicated 
by the failure of veast extracts to serve as a 
source of folic acid for this animal. 

The same response elicited by folic acid 
could be obtained in the absence of this vit- 
amin by inclusion of 1 ml. (equivalent to 10 
g. of liver) of the methanol extract of liver in 
100 g. of ration. This supplement supplied 
only about 2 micrograms of folic acid per 
milliliter, as indicated by assay with Strepto- 
coccus faecalis, an amount entirely insuffi- 
cient to account for its effects on growth. 

In mink kits fed a folie acid-free ration 
growth failed after about seven weeks, and, 
as in the fox, could be restored to approxi- 
mately normal over an eight-week period by 
administration of the methanolic extract of 
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liver. Subsequently, the mink decreased in 
weight and died even though both folic acid 
and the methanol extract were fed. Experi- 
ments in which an antagonist of folic acid 
(methylfolic acid) was fed showed that the 
“toxic” effects of this could be alleviated by 
the methanol extract for short periods of 
time, but subsequently administration of 
folic acid also was necessary to counteract 
its effects. In none of these cases could the 
effects of the methanolic extract of liver be 
duplicated by vitamin By. 

These studies indicate that both the fox 
and mink require folic acid, but they also 
appear to require an unidentified factor sup- 
plied by methanolic extract of liver which is 
not identical with either vitamin By or folic 
acid. Addition of this preparation to the ra- 
tion appears greatly to spare the require- 
ment of both species for folic acid. For the 
fox, the known conjugates of folic acid are 
inactive as sources of this latter vitamin, as 
they are in many bacteria (for example, 
S. faecalis), but in contrast to their effects 
in the chick and in the protozoan, Tetrahy- 
mena geleit, where they are fully active. The 
difficulty of obtaining assays for this vitamin 
which are generally meaningful is thus 
underscored. 

Further studies of the unidentified factor 
contained in the methanolic extract of liver, 
and the development of a specific assay for 
it, preferably employing more generally 
available test organisms, would appear to be 
important areas for future investigations. 


GLUTAMIC ACID AND PARENTERAL AMINO ACID MIXTURES 


Intravenous administration of protein 
digests and amino acid mixtures is frequently 
followed by anorexia, nausea, and vomiting 
both in human subjects and in experimental 
animals. The dicarboxylic amino acids, as- 
partic and glutamic acids, have been demon- 
strated to provoke nausea (Nutrition Re- 
views 3, 312 (1945)). It has been suggested 
that it is the presence of these substances in 


relatively great concentration in protein 
digests which accounts for anorexogenic re- 
actions and vomiting. 

S. Levey, J. E. Harroun, and C. J. Smyth 
(J. Lab. Clin. Med. 34, 1238 (1949)) have 
determined concentrations of free glutamic 
acid in a number of different protein hydroly- 
sates and amino acid mixtures and in the 
serum of subjects to whom these prepara- 
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tions were administered intravenously. Con- 
centrations of free glutamic acid in serum 
were correlated with the occurrence of nau- 


sea and vomiting. Glutamic acid was 
determined by a microbiologic assay using 
Lactobacillus arabinosus. The amino acid was 
considered to be in free form when available 
to the organism of assay, but the authors 
point out that the analyses as done on serum 
very likely include some portion of the glut- 
amine present therein. 

An acid digest of casein fortified with tryp- 
tophan was found to contain 5.05 g. of glu- 
tamic acid in 400 ml. of solution, the stock 
unit. This material was given intravenously 
to 10 patients with rates of infusion varying 
from subject to subject but maintained con- 
stant in each. Serum-free glutamic acid 
ranged from 2.8 to 5.0 mg. per cent in these 
subjects prior to the injection. At the com- 
pletion of the infusion or when nausea or 
vomiting intervened, blood samples were 
again taken. In each subject there was a 
marked increase in serum glutamic acid. 
Nausea or vomiting occurred in all but one 
patient in whom concentrations of glutamic 
acid exceeded 15.9 mg. per cent. 

An enzymatic hydrolysate of casein con- 
taining 4.09 g. of glutamic acid in a 500 ml. 
solution was administered by venoclysis to a 
second group of 13 patients. Vomiting 
occurred in 6 subjects with final serum con- 
centrations of free glutamic acid greater than 
10.9 mg. per cent. 

In a third preparation, an enzymatic 
digest of bovine blood proteins, there was 
relatively less glutamic acid. It contained 
2.65 g. in 1000 ml. In only 3 of 10 subjects 
to whom this preparation was administered 
did nausea or vomiting occur. The average 
concentration of glutamic acid in serum fol- 
lowing this infusion was substantially less 
than that observed when enzymatic and 
acid digests of casein were administered. 

Two preparations representing a mixture 
of amino acids derived by recombination and 
supplementation of fractions of a casein 
digest were tested in other patients. The 
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glutamic acid contained in these was 1.16 
g. and 0.25 g. in 500 ml. stock units. Despite 
rapid rates of infusion, nausea occurred in 
but 3 of 10 subjects given the amino acid 
mixture containing the larger quantity of 
glutamic acid. In only one subject of 12 
given the second mixture did nausea and 
vomiting occur. Blood concentrations of 
glutamic acid after infusion much 
lower in these subjects than in those given 
the preparations containing more glutamic 
acid. 

In another experiment, by administering 
solutions of partially neutralized glutamic 
acid, the authors attempted to determine 
whether there was a critical level of glutamic 
acid in serum with which the occurrence of 


were 


nausea and vomiting might be associated. 
The level of serum glutamic acid achieved 
depended upon the concentration in the 
solution and the rate at which it 
fused. Forty-five per cent of subjects in 
whom serum concentrations of glutamic acid 
exceeded 12 mg. per cent became nauseated 
and vomited. There was, however, a number 
of patients with relatively high concentra- 
tions of the amino acid in serum who did not 
exhibit these manifestations. 


was in- 


Because heat promotes conversion of glu- 
tamic acid to pyrrolidone carboxylic acid, 
solutions of glutamic acid sterilized by pas- 
sage through a Seitz filter were administered 
and the incidence of nausea and vomiting 
compared with that occurring in individuals 
receiving similar quantities of solutions of 
glutamic acid sterilized by autoclaving. 
Seventy per cent of the subjects who re- 
ceived the filtered solution developed these 
evidences of toxicity. This compared with 
30 per cent in subjects given the autoclaved 
solution. If the lower incidence was to be 
accounted for by a decrease in concentration 
of glutamic acid because of its conversion 
to pyrrolidone carboxylic acid during auto- 
claving, it should have been possible to 
demonstrate the change in concentration by 
microbiologic assay, since the organism used 








24 NUTRITION REVIEWS 


in the assay cannot utilize pyrrolidone car- 
boxylic acid. However, it was not possible to 
demonstrate a decrease in concentration. 
The apparent difference in toxicity between 
autoclaved and filtered solutions remained 
unexplained. 

The results of these experiments are im- 
portant in that they provide direct evidence 
of a relation between the amount of glutamic 
acid contained in amino acid mixtures and 
the occurrence of nausea and vomiting after 
the intravenous administration of these solu- 
tions. Although the threshold for initiation 
of this toxic reaction would seem to be estab- 
lished at different levels in different patients, 
nausea and vomiting are likely to occur when 
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serum concentrations of glutamic acid ex- 
ceed 12 to 15 mg. per cent. 

The intravenous administration of amino 
acid mixtures is utilized in surgical and medi- 
cal disorders as a temporary expedient until 
intakes of food by mouth can be made ade- 
quate. The occurrence of nausea and vomit- 
ing may seriously handicap the nutrition of 
such patients by decreasing food intakes and 
prolonging the period in which parenteral 
feeding is necessary. It would seem desirable 
to select amino acid mixtures which contain 
little glutamic acid or to control carefully 
rates of infusion so that concentrations of 
glutamic acid in serum are not elevated to 
levels at which nausea and vomiting may be 
produced. 


CHOLINE REQUIREMENT OF THE BABY PIG 


In a series of papers dealing with swine 
nutrition, B. C. Johnson and co-workers 
have described the development of a “syn- 
thetic’ diet for pigs made to simulate cow’s 
milk, and have shown that day-old pigs can 
be raised to weaning age on this synthetic 
diet. From this synthetic ration, one or more 
constituents can be omitted at a time. thus 
permitting observation of the deficiency 
symptoms resulting from lack of individual 
nutrients. When choline was thus omitted 
from the complete ration, baby pigs grew at 
a markedly reduced rate over the eight weeks 
of the experiment as compared with pigs re- 
ceiving choline. Besides slow growth, the de- 
ficient pigs also showed, in some cases, a 
rough hair coat and a generally unthrifty 
appearance. More detailed examination 
showed fatty infiltration of the liver, and a 
decrease in erythrocyte formation as evi- 
denced by a lowered red blood cell count at 
eight weeks (B. C. Johnson and M. F. James, 
J. Nutrition 36, 339 (1948)). 

These results were obtained even though 
the diet contained 30 per cent of casein, 
equivalent to a level of 0.8 to 1 per cent of 
methionine in the diet. To further quantitate 





the requirement. for choline under these con- 
ditions, A. L Neumann, J. L. Krider, M. F. 
James, and B. ©. Johnson (J. Nutrition 38, 
195 (1949)) fed four groups, each containing 
3 2-day-old pigs, a choline-deficient ration 
supplemented with 0, 0.05, 0.1, and 0.2 per 
cent of choline.on the dry basis. After eight 
weeks, representative animals were slaugh- 
tered and sections of appropriate tissues ex- 
amined microscopically. In this experiment 
only slight differences in rate of gain of ani- 
mals on the deficient and supplemented diets 
were noted. However, those animals on the 
choline-deficient diet were unthrifty and 
appeared short-legged and potbellied as 
compared with those receiving choline. The 
deficient pigs also lacked coordination in 
their movements, and seemed to lack proper 
rigidity in their joints. Hepatic cells of pigs 
on the choline-free diet were greatly dis- 
tended with fat; the corresponding cells from 
pigs receiving 0.05 per cent of choline con- 
tained only slightly more fat globules than 
did those of pigs receiving 0.1 per cent and 
higher levels of choline. Kidney damage ap- 
peared more serious than liver damage in 
choline deficiency, as shown by many 




















occluded and apparently nonfunctional 
glomeruli in the deficient group. Based on 
each of these various criteria of choline de- 
ficiency, the requirement for choline ap- 
peared to lie between 0.05 and 0.1 per cent 
of the ration, the higher level giving slightly 
superior results in both pair-fed animals and 
in those fed ad libitum. 

From these results, it appears clear that 
the young pig requires choline even on diets 
which supply up to 1 per cent of methionine, 
and that the optimum choline intake under 
these conditions is about 0.1 per cent. This 
result indicates that the young pig, like the 
chick, has a limited ability to synthesize 
choline even though sufficient methyl groups 
are present as methionine. The requirement 
in the two species appears similar. Thus 
D. S. MeKittrick (Arch. Biochem. 15, 133 
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(1947)) found the chick to require 0.1 per cent 
of choline in a diet which contained optimum 
methionine (0.75 per cent). In rations con- 
taining less methionine, more choline was, of 
course, required (Nutrition Reviews 6, 230 
(1948)). 

As the authors point out, however, there 
is some evidence that the young rat also re- 
quires some choline when the diet contains 
only 0.8 per cent of methionine, although it 
can dispense with choline entirely if the ra- 
tion contains 1.3 to 1.8 per cent of this amino 
acid (C. R. Treadwell, J. Biol. Chem. 176, 
1141 (1948)). Consequently, it cannot be 
concluded that the pig has an absolute 
dietary requirement for choline until still 
higher levels of dietary methionine have been 


fed. 


PANTOTHENIC ACID, ASCORBIC ACID, AND THE ADRENAL 


Two of the vitamins, pantothenic acid 
and ascorbic acid, are known to have a 
special relation to the adrenal glands (Nutri- 
tion Reviews 3, 37 (1945); 6, 217, 266 (1947); 
6, 201 (1948)). Pantothenic acid deficiency 
causes adrenal hemorrhage and necrosis 
(F. S. Daft and W. H. Sebrell, Pub. Health 
Reports 64, 2247 (1939); Daft, Sebrell, S. H. 
Babeock, and T. H. Jukes, Jbid. 55, 1333 
(1940)) and atrophy with lipid depletion of 
the cortex (A. F. Morgan and H. D. Simms, 
Science 89, 565 (1939); J. Nutrition 19, 233 
(1940); H. W. Deane and J. M. McKibbin, 
Endocrinology 38, 385 (1946)). 

Adrenalectomy prevents gray hair in pan- 
tothenic acid-deficient rats and will likewise 
cause regeneration in this type of achro- 
motrichia (E. P. Ralli and I. Graef, Endo- 
crinology, 32, 1 (1943); 37, 252 (1945)). Ad- 
renalectomized rats have an unusually high 
requirement for pantothenic acid (Ralli, 
Ibid. 39, 225 (1946); M. E. Dumm and 
Ralli, Jbid. 48, 283 (1948)). The concentra- 
tion of ascorbic acid is unusually high in the 
adrenal gland (Nutrition Reviews 3, 37 





(1945)), and has been shown to vary with 
the functional activity of this gland 
(G. Sayers, M. A. Sayers, H. L. Lewis, and 
C. N. H. Long Proc. Soc. Exp. Biol. Med. 55, 
238 (1944)). However, little is known about 
the biochemistry of these vitamins in the 
adrenal. 

M. E. Dumm and E. P. Ralli (Endocrin- 
ology 45, 188 (1949)) have delved deeper 
into these relations by studying the excre- 
tion of pantothenic and ascorbic acids by 
adrenalectomized and intact rats on diets 
deficient in and supplemented with cal- 
cium pantothenate. 

One group of young rats was placed on a 
purified, pantothenic acid-deficient diet for 
thirty days. A portion of this group was 
adrenalectomized at the end of this period. 
These and the remaining intact rats were 
supplemented with 4 mg. of pantothenic 
acid daily and placed on 1 per cent sodium 
chloride as drinking water. The urinary 
excretion of pantothenic acid was deter- 
mined with results which were variable from 
day to day. However, the intact rats excreted 
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an average of 60 per cent and the adrenal- 
ectomized rats 65 per cent of the adminis- 
tered pantothenic acid during the test period 
of one hundred and fifteen days. This dif- 
ference not statistically significant. 
When the pantothenic acid supplement was 
stopped, both the intact and adrenalecto- 
mized rats showed a similar decline in the 
uri.ary excretion of this vitamin. 

The urinary ascorbic acid excretion of 
rats on a commercial chow diet was deter- 
mined in rats 30 to 103 days of age. There 
was a relation between age, sex, and urinary 


was 


excretion since 30-day-old rats, both male 
and female, excreted about 2 mg. per 100 g. 
of body weight daily, while 45-day-old males 
and females excreted 3.01 and 4.08 mg., 
respectively. The excretion then declined in 
both sexes, but to a greater extent in the 
females so that at 65 days of age, excretion 
was roughly 1.40 mg. daily. 

The ascorbic acid excretion of intact and 
adrenalectomized rats on purified rations 
supplemented with pantothenic acid was 
then studied. The adrenalectomized animals 
excreted less ascorbic acid at all ages studied 
than did the intact rats. On this type of diet 
intact rats maximal excretion 
between 80 and 90 days of age. The adrenal- 
ectomized rats not only excreted less as- 


showed a 


corbic acid but failed to show the change in 
excretion with age as did the intact rats. 
Withdrawal of pantothenic acid caused no 
consistent change in ascorbic acid excretion 
in either the intact or operated animals. 
These studies add little to our knowledge, 
except in a negative sense, about the effect 
of pantothenic acid on the survival of 
adrenalectomized rats, but do offer some 
interesting information concerning the rela- 
tion of the adrenal and ascorbic acid. The 
authors believe their data suggest that the 
adrenal gland is involved in the synthesis 
of ascorbic acid. One point which suggests 
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this is the low urinary ascorbic acid excre- 
tion of the adrenalectomized rats. Another 
even more suggestive point is that in their 
pantothenic acid-depleted, adrenalectomized 
rats, addition of pantothenic acid did not 
increase the urinary ascorbic acid while in 
similar rats, not adrenalectomized, pan- 
tothenic acid caused a significant rise in 
ascorbie acid Although many 
interpretations of these data, other than 
the one suggested above, are possible, the 
idea that the adrenal may be concerned in 
ascorbic acid synthesis certainly deserves 
careful exploration. It is of some interest 


excretion. 


that none of the rats showed signs of scurvy 
even when excreting very small amounts 
of ascorbic acid. 

The change in ascorbic acid excretion 
with age is also of interest. In their animals, 
the excretion of this vitamin 
occurred just prior to sexual maturity, sug- 
gesting that the activity of endocrine glands 
other than the adrenal may also be con- 
cerned in the utilization and/or synthesis 
of ascorbic acid. 

P. H. Phillips, H. A. Lardy, P. D. Boyer, 
and G. M. Werner (J. Dairy Sci. 24, 153 
(1941)) reported that plasma ascorbic acid 
was increased during estrus in the cow. R. E. 
Erb and F. N. Andrews (Endocrinology 30, 
258 (1942)) found that plasma ascorbic acid 
was decreased in both the cow and bull 
following injection of gonadotropin. Changes 
in ascorbic acid excretion with age have been 
reported in the guinea pig, which does not 
synthesize this vitamin (M. E. Reid, J. 
Nutrition 35, 619 (1948)). In this instance, 
young rapidly growing animals seemed to 
use more ascorbic acid, i.e., they excreted 
less, than older mature animals. Whether 
this difference was due to changes in endo- 
crine’ status or to a higher requirement for 
rapid tissue growth in the young animals 
was not obvious. 


greatest 
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DIET AND THE HYPOPHYSIS 


Although surgical removal of the pituitary 
gland is known to cause profound physio- 
logic effects, animals subjected to such a 
procedure may survive for considerable 
periods. Their survival is, however, variable 
and unpredictable especially in young grow- 
ing animals. The conditions which influence 
survival have never been completely de- 
scribed. 

J. H. Shaw and R. O. Greep (Endocrin- 
ology 44, 520 (1949)) have published a study 
in which it was found that diet has a pro- 
found effect on the survival of hypophysec- 
tomized rats. Weanling male rats were 
hypophysectomized and placed in matched 
groups on one of five diets. Two of the diets 
were commercial laboratory chow. One of 
these was used in the form of pellets and 
the other ground to a particle size compar- 
able to the other diets. Three of the diets 
were of a purified type with a relatively 
high-protein content. One of these was high 
carbohydrate-low fat, another was high 
fat-low carbohydrate, and the third con- 
tained added crude, undigested fiber to 
imitate the chow diets in this respect and 
to dilute it to about the same calories per 
gram as the laboratory chow diets. All diets 
were fed ad libitum. 

Rats receiving the purified type of diet 
reacted much more favorably, after hy- 
pophysectomy, than did those receiving tie 
laboratory chow. They maintained a good 
external appearance. The hair coat remained 
fine and smooth in texture. In contrast, 
those on the laboratory chow soon began 
to appear unkempt, showed cyanosis of the 
extremities, and were extremely lethargic. 
Between 60 and 70 per cent of the rats on 
the purified diets survived for eighty-eight 
to one hundred and twelve days or more 
(many were killed at the end of these 
periods), while only 10 per cent of com- 
parable rats on laboratory chow survived 
beyond forty-five days, and none more 
than sixty-three days. Rats receiving the 





pelleted and ground laboratory chow re- 
acted essentially the same. No important 
differences were noted among the rats on 
the three variants of the purified diet. 

Various other measurements were made 
in these animals. Some differences in weight 
gain and caloric intake were recorded but 
these differences were small and difficult to 
interpret. It is of interest that some of 
these rats did gain weight. Those which 
survived a hundred and twelve days on the 
purified diet slightly more than doubled 
their initial weights and showed some 
skeletal growth in addition. Carcass anal- 
yses made it obvious that these rats were 
able to synthesize sufficient protein to 
permit some growth and an almost normal 
body protein content. Histologic studies 
showed changes in the adrenal cortex and 
testes as would be expected. 

There are other points of interest in this 
study but for the purpose of this review the 
principal point of interest is the influence 
of the purified diets in improving the appear- 
ance, behavior, and survival of these hy- 
pophysectomized animals. It is not possible 
from their data to arrive at any opinion as 
to the probable component or components 
which were responsible for this effect. It 
seems fairly certain that such factors as 
food particle size, calories per gram of diet, 
and fiber content were not important. The 
relative content of carbohydrate and fat 
seemed to have no particular importance. 
The protein content of the laboratory chow 
diet was not stated but the purified diets 
contained a relatively large amount of 
protein of good biologic value. Other possi- 
bilities exist, however, and only further 
experimentation, which these investigators 
apparently plan, can settle these interesting 
and important questions. 

There is evidence from several directions 
which would indicate that dietary protein 
has unusual importance in relation to the 
hypophysis (Nutrition Reviews 7, 97 (1949)). 





R. C. Crafts (Endocrinology 45, 159 (1949)) 
has presented a study which emphasizes 
this point. 

Adult rats develop an anemia following 
removal of the hypophysis. This anemia can 
be prevented to a considerable extent, but 
not completely, by injections of thyroxine 
or androgens. In the present study, Crafts 
used 57 hypophysectomized adult female 
rats which were divided into five groups. 
A commercial stock diet was employed. One 
group treatment; one group 
received a high-protein diet (stock diet plus 
an® 
content of 62.5 per cent) alone; another 
group received the high-protein diet plus 
daily thyroxine injections; the fourth group 
received the high-protein diet plus daily 
injections of testosterone; and the last group 
received the high-protein diet plus both 
testosterone and thyroxine. 


received no 


equal amount of casein to yield a protein 


The high-protein diet alone did not pre- 
vent anemia from developing but did mark- 
edly reduce its severity. High-protein diet 
plus thyroxine showed still better results 
but again did not completely prevent the 
anemia. High-protein diet plus testosterone 
maintained a normal erythrocyte count but 
the hematocrit and hemoglobin values were 
no better than in the group receiving thyrox- 
ine. A combination of the high-protein diet, 
thyroxine, and testosterone completely pre- 
vented the anemia. 
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Some of the differences, mentioned above, 
between the various groups were rather 
small when compared with the known errors 
in erythrocyte counts, hematocrits, and 
hemoglobin determinations. While it is 
obvious that the author made every effort 
to use the most meticulous technic, the 
statistical analysis of the data which he 
presents, makes caution advisable in evalu- 
ating the significance of some of the smaller 
differences. The high-protein diet, however, 
caused a rather large change and there can 
be little doubt as to its beneficial influence. 

The mechanism of this effect is not so 
clear. Food intakes were not recorded al- 
though they were probably subnormal since 
body weight declined following hypophy- 
sectomy in each of the groups. Thus it is 
possible that the high-protein diet was 
effective only because it maintained a normal 
protein intake in the face of a declining 
consumption of the diet. This point needs 
clarification. The mechanism of action of 
thyroxine and testosterone are also of inter- 
est but outside the scope of this review. 

These studies emphasize a point made 
previously (Nutrition Reviews T, 97 (1949)), 
that proper dietary management is an 
essential part, and sometimes an absolute 
prerequisite, in the successful therapy of 
some endocrine deficiencies. 


MECHANISM OF ACTION OF CERTAIN ANTIVITAMINS 


Synthesis of compounds similar in struc- 
ture to the vitamins or other biologically 
important metabolites has assumed impor- 
tant proportions in recent years. One reason 
for interest in such compounds lies in an 
investigation of the structural features of a 
molecule necessary to allow its utilization 
by a living organism. Another reason lies 
in the now common observation that suit- 
able analogues of the vitamins may act as 
antivitamins, i.e., they may inhibit growth 


processes in such a way that the growth 
inhibition is alleviated by addition of the 
corresponding vitamin. 

The extent of the structural changes 
necessary to remove vitamin activity or to 
confer antivitamin activity upon an ana- 
logue varies greatly with the particular 
vitamin with which one deals, but varies 
also with the organism (or with the enzyme 
within the organism) with which one is 
dealing. Substitution of an oxygen for a 


























sulfur atom in the biotin molecule, for ex- 
ample, results in the vitamin analogue, oxy- 
biotin, which is so similar to biotin that it 
retains the growth-promoting power of the 
vitamin almost intact for many organisms 
(for example, Lactobacillus arabinosus) but 
only in markedly reduced degree for other 
organisms (for example, Streptococcus fae- 
calis). A slightly different structural alter- 
ation, substitution of two carbon atoms for 
the sulfur atom, results in a compound which 
inhibits growth, but whose inhibitory prop- 
erties are counteracted in a competitive 
fashion by biotin. 

Whether the analogue acts to promote 
growth, or to inhibit growth, the mechanism 
of the effect is viewed as being similar. In 
each case, the analogue is thought to com- 
bine with one or more enzymes which nor- 
mally must combine with biotin to permit cell 
growth. The structural change from biotin 
to oxybiotin is of such a subtle nature that 
the enzyme-oxybiotin complex fills its bio- 
chemical role in the same manner as would 
the enzyme-biotin complex, albeit with 
reduced efficiency in some organisms. The 
inhibitory analogue, in contrast, retains its 
affinity for the enzyme, but the inhibitor- 
enzyme complex cannot fill the essential 
role of the biotin enzyme, and hence growth 
ceases. Alleviation of the inhibition by 
biotin results from the displacement of the 
inhibitor from the enzyme surface by biotin, 
with which the enzyme normally functions 
(Nutrition Reviews T, 81 (1949)). 

The simplicity of this picture of the mode 
of action of vitamin analogues makes it 
attractive, and it almost certainly depicts 
the general course of events. However, there 
remain unanswered questions concerning 
details of the action of these analogues. In 
general, vitamins must be built into more 
complicated coenzymes before they act 
vatalytically in metabolism. Does an anti- 
vitamin act to prevent synthesis of the 
coenzyme form of a vitamin—the simplest 
explanation for its action—or is it actually 
built into an analogue of the coenzyme, 
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which then serves to inhibit essential coen- 
zymatic functions of the vitamin? Despite 
the large number of known antivitamins 
and many postulations on the mode of their 


‘action, few or no definitive answers to such 


questions have been given. T'wo studies bear- 
ing on these questions are thus of interest. 

In the first of these, R. H. Nimmo-Smith 
and D. D. Woods (J. Gen. Microbiol. 2 
(No. 1), x (1948)) and Nimmo-Smith, 
J. Lascelles, and Woods (Ibid. 2 (No. 3), 
zav (1948)) have investigated the effect of 
sulfonamides on the in vitro synthesis of folic 
acid by resting cells of Streptobacterium plan- 
tarum. Such cells, when supplied with para- 
aminobenzoic acid under appropriate condi- 
tions synthesize ten to fifty times their 
normal content of folic acid. Addition of 
sulfanilamide or of sulfathiazole to such sys- 
tems inhibits synthesis of folic acid, and 
this inhibition can be reversed, in a competi- 
tive manner, by increasing the concentration 
of para-aminobenzoic acid. This competition 
held over a ten thousand fold range of con- 
centrations of both sulfonamides. Further 
details of the studies are provided in a 
separate paper (Nimmo-Smith, Lascelles, 
and Woods, Brit. J. Exp. Path. 29, 264 
(1948)). 

The results with sulfonamides on the syn- 
thesis of folic acid by this nongrowing system 
provide a complete parallel to the effect of 
sulfonamides on the growth of the same 
organism. In this instance, the effect of the 
sulfonamides as competitive inhibitors of the 
functioning of para-aminobenzoic acid ap- 
pears fully explained by their effect in 
competitively preventing incorporation of 
para-aminobenzoic acid into a more complex 
essential form of this vitamin, namely, folic 
acid. This result had been frequently postu- 
lated previously (for example, J. O. Lampen 
and M. J. Jones, J. Biol. Chem. 164, 485 
(1946)), but not experimentally demon- 
strated in nongrowing systems. 

A second paper deals with the mechanism 
of action of desoxypyridoxine. This ana- 
logue of vitamin Bg is toxic for many ani- 
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mals, including rats, chicks, and dogs, and 
its toxicity results from an interference with 
the normal action of vitamin Be, since its 
effects are fully counteracted by simul- 
taneous administration of this vitamin. In 
their investigation of this antivitamin, 
W.W. Umbreit and J. G. Waddell (Proc. Soc. 
Exp. Biol. Med. 70, 293 (1949)) visualized 
the inhibitor as acting at one of the points 
A, B, or C in the diagram below: 


Pyridoxine 
Pyridoxal 

e m | 
Pyridoxamine } 


——_——} 


pyridoxal + 


If the inhibitor acted primarily by pre- 
venting transformation of pyridoxine or 
pyridoxamine to pyridoxal (point A in the 
diagram) then pyridoxal should be a non- 
competitive antagonist of desoxypyridoxine, 
and much more effective in counteracting 
its effects than either pyridoxine or pyridox- 
amine. This has not proved to be the case, 
hence A can be eliminated from considera- 
tion. Desoxypyridoxine also does not act to 
prevent formation of tyrosine decarboxylase 
from pyridoxal phosphate and its apoenzyme 
(point C in the diagram), since large amounts 
of desoxypyridoxine had no effect on the 
rate of tyrosine decarboxylation by resting 
cells of S. faecalis in the presence of limiting 
amounts of pyridoxal phosphate. 
Investigation was hence concentrated at 
point B, which, according to previous con- 
cepts, would have been the most likely site 
of inhibition. A resting cell preparation 
which effected this conversion of pyridoxal 
to pyridoxal phosphate was obtained. The 
conversion, not 
prevented by the presence of desoxypyri- 
doxine. Hence, this inhibitor acts in these 
systems in none of the above ways. 


however, was slowed or 


It was observed, however, that the enzyme 
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which catalyzed conversion of pyridoxal to 
pyridoxal phosphate (B) below, also con- 
verted desoxypyridoxine to a substance, 
presumably desoxypyridoxine phosphate, 
which did interfere with reaction (C), the 
combination of pyridoxal phosphate with 
protein to yield tyrosine decarboxylase. 
Separate experiments showed that desoxy- 
pyridoxine phosphate (synthetic) acted in 
exactly this way. In this case, therefore, 
ATP 


— pyridoxal phosphate 


| 


IY 
tyrosine decarboxylase 


a Vitamin analogue acts as an inhibitor by 
itself being converted into an analogue of 
the vitamin coenzyme which may then com- 
pete directly with the natural coenzyme for 
combination with various apoenzymes. 
The above two instances, then, show that 
no single postulate for the antivitamin action 
of vitamin analogues is sufficient. In the 
only 2 cases so far examined, two different 
modes of action have been found: (1) the 
simple case, illustrated by the sulfonamide- 
folic acid relation above, where the analogue 
prevents the vitamin from being built into 
more complex coenzyme-like 
and (2) a more complex case, illustrated by 
Bg 
where the vitamin analogue is itself con- 


structures, 


the desoxypyridoxine-vitamin relation 
verted to an analogue of a coenzyme (or 
other bound form of the vitamin) which 
may then inhibit growth by interfering with 
coenzyme action. There is no reason to 
suppose that even more complex mecha- 
nisms may not be found for the action of 
certain of these substances. With their in- 
creasing use in biochemical investigations, 
it would appear important to determine the 


exact mode of action in additional cases. 
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NOTES 


Letters to the Editor 


Dear Sir: 

May I bring to your attention the fact 
that significant observations reported in 
the literature do not appear to have been 
considered in the article “‘Sprue in Military 
Personnel”’ (Nutrition Reviews T, 213 (1949)). 

As an example, no mention is made of 
the series of cases described by the following: 
J. H. Walters (Lancet I, 861 (1947); T. H. 
Howell (J. Trop. Med. Hyg. 50, 110 (1947); 
M. Stefanini (Policlinico 58, 82 (1946); 
Medicine 27, 379 (1948); and H. H. A. Elder 
(J. Trop. Med. Hyg. 50, 212 (1947)). Finally, 
important articles of general information 
on the subject by A. W. D. Leishman 
(Lancet II, 813 (1945)) and by D. A. K. 
Black and L. P. R. Fourman (Brit. Med. J. 
2, 645 (1947)) have not been mentioned. 
The important contributions by Black and 
his associates on the biochemical aspects 
of tropical sprue have also not been ade- 
quately considered in this review. (See 
Nutrition Reviews 6, 182 (1948)—Ed.) 

It seems to me that more effort should 
have been made to underline the obvious 
importance of these wartime observations, 
made on large groups of military personnel 
living under uniform or at least comparable 
conditions of diet and climate, in advancing 
our knowledge of the significance and patho- 
genesis of tropical sprue. Important data 
concerning the incidence of the disease in 
relation to atmospheric conditions, changes 
of diet, age group, and concerning the oc- 
currence of relapses, the frequency of the 
various symptoms, and the diagnosis of the 
early stages of the condition have been 
collected. All these observations have modi- 
fied previous theories and ideas on tropical 
sprue, based on observations on isolated or 
small numbers of cases. Among the most 
important conclusions are the following: 

1. The fundamental symptom of the 
“sprue syndrome” is the partial defect of 
intestinal absorption, whose etiology and 
pathogenesis remain at present unknown. 


The onset, clinical picture, course, and 
ultimate outcome of the disease are related 
closely to the extension, duration, and 
severity of the intestinal dysfunction, which 
is usually moderate, reversible, and amen- 
able to treatment in mild or early cases of 
tropical sprue but which becomes more 
serious with the progression of the disease. 
The presence of a partial defect in intestinal 
absorption, especially of fats, is, therefore, 
a necessary element for the diagnosis of the 
“sprue syndrome.”’ A “‘fat balance” study 
makes its recognition possible in very early 
stages. All patients with sprue present one 
or more of the following conditions: (a) 
steatorrhea with ratio of the split to the 
unsplit fat higher than normal, apparently 
due to an increase in the saponifiable frac- 
tion of fecal fat; (b) a defect in the absorption 
of fats revealed by blood studies; (c) a ratio 
of soaps to split fecal fat higher than usual. 

2. Dietary deficiency remains the most 
important factor in the development of 
tropical sprue (particularly deficiency of 
animal proteins and fats and a disbalanced 
relationship in the intake of proteins, fats, 
and carbohydrates). It cannot, however, be 
considered the only cause of the disease, 
inasmuch as some peculiarities of the cases 
described in India during the war, such as 
the epidemic-like occurrence of sprue in a 
particular season of the year or its sudden, 
high incidence among military units shortly 
after their transfer to certain areas, cannot 
be explained on the basis of ‘“‘dietary de- 
ficiency”’ alone. Thus, sprue occurred when- 
ever and wherever favorable seasonal and 
climatic conditions existed, particularly 
among individuals with previous dietary 
deficiencies. Local, climatic, and seasonal 
factors appeared very important in the 
pathogenesis of tropical sprue. Indians de- 
veloped the disease as frequently as Euro- 
peans, when exposed to the same favoring 
conditions. 

3. A classification of the “‘sprue syndrome”’ 
according to clinical types is useful but 
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difficult to establish because of the extreme 
variability in the association of the symp- 
toms of the disease. A classification accord- 
ing to the stages of severity or extension of 
the intestinal dysfunction gives a_ better 
understanding of the variable clinical pic- 
ture of the disease. The course of tropical 
sprue can be divided into three stages: 
first, one in which the initial symptoms of 
impaired intestinal absorption predominate, 
i.e., diarrhea with steatorrhea, dyspepsia; a 
second, in which there appear multiple 
secondary deficiency signs, i.e., glossitis, 
stomatitis, proctitis, ete.; and a third, 
characterized by macrocytic anemia. This 
classification would abolish the use of 
clinical denominations such as “‘para-sprue,”’ 
“hill diarrhea,” ‘‘nutritional anemia,” 
in that these merely indicate either mild 
or initial stages of the same disease. 

Mario STEFANINI 

Department of Biochemistry 

Marquette University School of Medicine 

Milwaukee, Wisconsin 


etc., 


Dear Sir: 

I read with interest your review in the 
October 1949 Nutrition Reviews 
entitled ‘‘Anemia and Edema in Chronic 
Choline Deficiency in 


issue of 


tats.” 

On page 299 in the paragraph where the 
edema is stated that 
condition not observed in animals 
receiving the same diet supplemented with 
adequate protein when actually it was a 
choline supplement which 
prevented the edema (see J. Nutrition 36, 
743 (1948)). 

I feel this is important enough to bring 
to the attention of the readers of Nutrition 


is discussed it this 


Was 


to such diets 
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Reviews since the observation that choline 
prevented the edema with protein level in 
the diet remaining constant raises the funda- 
mental question of the importance of choline 
in human edema. 

R. W. ENGEL 

Alabama Polytechnic Institute 

Auburn, Alabama 


Editorial Comment on the Letter by Mario 
Stefanini (Dated September 22, 1949) 


It is not the purpose of Nutrition Reviews 
to cover all of the literature on a given 
subject. Instead, reviews are intended to 
present representative studies in fields of 
active investigation. This policy results in 
placing emphasis upon one or two considera- 
tions in a single review and ofttimes the 
presentation of related series of observations 
in separate articles. For example, the im- 
portant contributions by D. A. K. Black and 
his associates on the biochemical aspects of 
tropical sprue have, in part, been discussed 
in a review which appeared earlier (Nutrition 
Reviews 6, 182 (1948)). 
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Bavly. Bureau of Publications, 
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